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PEEFACE TO THE SECOJfD EDlTIOf^ 


One of the autliors, in the preface to tlie former edition, expressed 
Iris fears for the future of tlie cement industry in this country, and 
pronounced the opinion that the trade was about to outer upon a 
very critical per^d. Since these views were recorded we have 
seen the establishment of tlie great combination of English manu¬ 
facturers and the important changes in the industry due to the 
introduction of the rotary kiln and the tube-mill. Nearly nil the 
plant which w«s regarded as essential ten years ago has now 
become obsolete, and the processes of manufacture have undergone 
suJh a complete revoli^fion that it has become necessary to re-write 
entire chapters, deecriptive of the appliances in common use at 
tliat date. The au^ors have attempted in what follows to give a 
true description of the altered methods which now prevail in the 
production of Portland cement, and tliey have endeavoured to 
set before the reader a faithful account of all tin’ most recent 
processes adopted in this country, as also in the United States 
and on the Continent, where tho cement manufacture has developed 
to an amazing extent. 

It is only by the mo.st fearless sacrifice of antiquated methods • 
an^ obsolete machinery that cement makers in this country can 
lS6pe to ^.'ppete with their foreign irivals. We are still tar from 
realising yha^an be accomjjlished from ceme^ rightly and intelli- 
gevtly used, and we are convinced that we are merely on the 
threshhold of the great'increase in the demand for this material 
T^jch will take place when the engineer has fully grasped the 
enormous ^psaibilities of “armoured” and “je-efiforced” concrete 
construction.* 

Many doubtful matters in the chemistry of cement action are 
b6w coui|Be of being rendered clear, and, in the hands of skilful 
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and competent chemists, the problems which still require ^olulTion ' 
are ddily being *explored with succe.ss. We h^ve placed on record 
som% o^the tjjecvies of ^cement reactions which have been promul¬ 
gated by Engli.sh and foreign experimenters, and we have con» 
siderably added to ou* former Chapter on the Analy.sis of Cement 
Mixtures. We trust that by this means we have been able to bring 
up the knowledge of the chemistry of the subject to current require¬ 
ments, and that our work will be found useful both in the laboratory 
and in the manufactory. 

The authoi-8 desire to express their best thanks to the manu¬ 
facturers and others who have .su]iplied them with valuable 
information and assi.stance. They are also indebted to Messrs. 
Lathbury & Hpackman, The Conveyor and Elevator Co., Messrs. 
Bagshawo & Co., Messrs. R. Broadbent & Son, Ltd., The Bradley 
Pulverizer Co., Messrs. T. L. Smidth A’ C05 Messrs. C. Wlnttalcer 
& Co., Ltd., Messrs. Hadficld’s Steel Foundry Co., amf Mr. Patrick 
Adie, for the loan of blocks and other illustrations. 

^JLBERT R. REDGRAVE. 

CHARLES SPACEMAN. 

TllRlFFWtxm, 

SV1>KNMAM, S.IC. 



■PREE'ACE TO THE FIRST.E^^n;jON. 


The marked im|iroveinents eft’eeted in recent j’cars in the use ot 
jimes and cements date back undoubted^’ to the close of the 
last century. They imy be ascribed, partly to the great advance 
made about that time in chemical and scientitic knowledge, and to 
the accurate habits of thought and practical research induced by 
the spread of that knowledge, partly, also, to the rapid growth of 
engineering skill, which characterised that period. 

In both of these direction.s our own counti’yinen yielded impor¬ 
tant services, and, so far as linie.s and cements are coneerneil, while 
the ‘‘ingenious” ])r. Brindley Higgins was almut 17<S0 laying the 
foundations of a ()roper study of the elieniistry of the subject, 
Smeaton had already, as early as 17.'>0, observed the notable fact 
that ^the bydraulicity of limes was due to the presence in them 
of clay. J 

The records cf the English Patent Oflice do not, however, 
disclose any great activity in these branches of invention until 
thirty or forty years later, and considerable progress appears to 
have been made in the manufacture of artificial liiiies abroad, before 
the subject attracted serious attention in England. I’lie discovery 
by Parker of the valuable cement made from the .septaria of the 
London clay, patented b}' him in 179(1, was doubtless an invention 
of the utmost importance, as I shall attempt to s-Fow, when dealing 
with the subject from the historical point of view. 

Little injustice will probably be done to those who have turned^ 
their attention to these materials, if we state that from the times 
^f'the Ronians until Smeatoii’s discover}'—say for a jjeriod of 
8lose upon thousand yeai^—no substantial advance was made 
in the eiiployment of lim«s and cements. *^t has, in fact, been 
re'jerved for the latter half of the nineteenth century to demonstrate 
the superiority of yrtificial cements over the best descriptions of 
Batural cements and admixtures of fat or pure limes with other 
suRstances imparting to them cementitious properties. • 

Notwitttj^Hjling the excellence of the* cements .now being 
placed up«n th^market, and the amount o£ attention which tjie 
manufacture and employment of (ftijients have recently received, 
“v^e have still much to leaim respecting tfie chemistry of cement 
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action, %,nd concerning tile problems involved in the economical 
production of these ijaterials. On the subject of testing eemeifts 
we are,* be it confessed, lamentably deficient, qs compared with 
manj» ofc our Coijiinental neighbours, and in this direction, more 
especially ns regards the introduction of* some unifonn and gener¬ 
ally accepted system of testing, there is still much to be accorn-* 
plished in England. * 

It has seemed to mo, therefore, that a brief account of the 
history of the employment of cement in the past, which has 
receiveil but little attention from previou.s writers, together with 
a description of the various |iroce.sses of the manufacture, might 
be of use at the present lime. 1 have also collected some of the 
opinions of exjierts on the testing of cement, and I have appended 
a full tninslation of the tJernmn linles for Testing, which, I think, 
have not previously been published in this country. These rules 
would ajipear to po.ssess jieculiar interest at the pVesent time, in 
conseciuence of the controversy which has arisen among English 
manufacturers, oven while this work is pass^ig through the press, 
concerning the nature of Portland cement. The que^ion of the 
legality or otherwise of the mixture with the cement, during the 
process of grinding, of less valuable ingredients was fought out in 
Oermany more than twelve years Igo, and afttu- careful consider¬ 
ation and many experiments, it wa.s decided both by manufacturers 
and engineers to adopt such a definition of “ Portland cement ’’ as 
to exclude all such admixtures, except two per cent, of plaster of 
Paris, employed fgr a special purpose. With the reasons for this 
use of [ilaster I have dealt fully in the ensuing pages, and the 
^question whether Kentish ragstone or any other variety of unburnt 
material, or slag, should be employed by the manufacturer, would 
seem properly to come within the provisions of the ^dulterattqp 
Acts, when we have such an extensioh of these Acts, a* iSTl believ#. 
contemplated. 

I cannot claim to have dealt with the subject exhaustively, Ijiat 
I have endeavoured to represent the present appect of the cement 
question imj)artially, not only from the point of view of the 
manufacturer, buf also from that of the cement user, in both* of 
which dirootions I ha^e had the^dvantage of a.prjctf^ acquaint¬ 
ance with the facts taVliich I refer. 

The leading works on liiupd and cements, both in this ccrantra 
and abroad, have been freely consultedjind laid under c^ntribati<m,* 
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* and I have endeavoured in all cases to aclcnowledge my oblfgations 
to'the Writers whose opinions I have quoted. J have availed myself 
extensively of the Minutes of Proccedinys of the Institution of 
Civil Engineers, which contain some of ^he most yiiluaWe fltesays 
^on Portland cement in existence, and I liave here to tender my 
■pecial thanks to my colleague, Mr. Charles .Sp.ickman, F.C.S., 
who has prepared the greater jiart of the Cliai)tcr on Grinding 
MRchiner 3 ', and the original and important Chapter on the Clierai- 
cal Analysis of Cements and Cement Materials. Many other 
manufacturers have likeivise aiiled me largely with facts and 
figures, and 1 wish also to record my indehtedness to Mr. I. C. 
Johnson for much valuable information. 

I trust that this account of what luis been achieved in the past, 
and this brief record of the juesent state of our knowledge of 
limes and cements may be useful to tho.se who may come after, and 
to all engaged in this branch of industry. 

I Regard the present time as, in many respe<-ts, a very critical 
period in the history df the cement trade. Our own country, the 
(jriginal seat of the manufacture, has lieeri distanced in certain 
directions in consequence of the superior scientific skill and the 
energy of foreign rivals. The supremacy we have so long enjoyed 
has undoubtedly been to some extent wrested from us by the 
products of Continental industry and enterprise, and in the absence 
of some united action and some intelligent hsading, our manufac¬ 
turers are threatened with a competition which they are not 
adequately armed to encounter. 

It would be idle on my part to deny that 1 dread times of 
even greater depression than those we have hitherto experienced, 
in this important industry, and I am convinced that nothing but 
t]j#formatic^ of a powerful confederation of cement prodijccrs and 
i?ement V^rsy^^such as exist/ in many of the most enlightened 
countiies .abroad, will extrionte us from the aiflSculties by which 
wo are surrounded. I trust that it may be possible to induce the 
Institution of Civil,, Engineers or some influential Corporation to 
undertake these duties, and to free us from the dangers which I 
have attempted to indicate. 


GILBEip’ R. REDGRAVE. 
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CALCAMEOrs CE^IEXTS: 

THElIl NATURE, MAXUEAUTURE. AND I'SE.S, 

(•ii.vPTi:i>. 1. 

INTRODUCTION. 

CoNTENTJj.--Airtniiuty of uso Iaiho— of Jauios ami (VnicntM —Slulun^— 

(Quicklime—^‘lioini'itry Lirn<-s km« 1 '’muMit-' -.\iTioii of C'arlMiiuc Acid— 

Silica an< Alumina—Eilcinalion ol Iahics—H\' ilration—Jiilluem-c of Alkalies. 

• 

AntiQuity of tho Ubo of Xiimo.—Tin* pmetiet* of cinidoyin/^ limes as 
binding agents for stones, bricks, and other .similai- inaferial.s iise<l in 
construction is one of great antiijuity, and the Homans, tlie most iniglity 
builders of the ancient world, \ver<* \v<*ll ae«iuaint(‘d witli the use of 
limi's, as also \^ith certain of tin* nietliods of im}>ro\ ing fat or luii'c limes, 
in dialer to imjiart to them cementitious and liydraulie projierties. 

Definition of Cements and Limes.—“Cements,” as distinguislied 
from limes, are materials \\hieli an* eajiahle of solidifying ^\ hen in eontact 
with water williout jiereeptihle changi* of volume, or notahh* evolution (»f 
heat; “hyilraulic cements and limes” are smli as [lossess the power of 
“.sejfing’’ or solidifying under water. All limes liave a tendency to 
jyid fall asunder, or to erumhle inUi powder wlien*troated 
w’ith w'ater, and are said to become “.slaketl. ' "^yie fiurer the lime the 
nioic onergAic and rapid is tliR aotion, wliile conversely the greater the 
quafttity of clayey matter combined with the lime, the less intense, as a 
rule, is the eliemieal attiirty for water, and the slower is the act of 
hj-flrntion, atid to tlii.s extent the greater is the ivsemhlance o| .such limes 
to cements. “ Limes,” therefore, as distingui.shed fro^ cements, “fall ’’ 
or crumble exjio-^d to the action of waU'r. ^ 

,lt may bt^us weU to point out here that^the afiuio <lefinitions, though 
they d<^ not entirely accord with all tlnf j^rev ious theories of limes and 
cprtlents, are ^lo-se which will be adopted in tho firesent work. 
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Colnbination of Lime with Water.—The ehemieal affinity of l^e* 
for wa^-r is one of thj most powerful with which we are acquainted, And 
“ quicklime " (calcuim oxide), or lime recently calcined, when exjwsed to 
the air ^ipeedi^ jittracts moistui-e from the. atmosphere, and combines 
with such water to form cjihdum hyditixide, or slaked lime. This 
hydroxide may occupy as much as throe times the space previously fille^ 
by the quicklime, and S^herefore the anifumt of slaked lime pi'oduced 
from a "iveii bulk of (piicklime ajqiears, in certain cases, to be very 
considerable. 

The Speed of Slaking.—Some writers have attempted to classify the 
ditl’erent varieties of lime in accordance with the quantity of slakeil lime 
pissluced, or with the speed with which they were ohser\ed to combine 
with water: but it is now known that this .shaking action depends upon 
numerous conditions which have to be specially studied for each class of 
limes, anil that any general deductions founded upon the act of hydration 
alone are likely to Is- inaccurate and misleading. 

Intermediate Limes.—Certain impure limes, resembling in their 
composition the constitution of cements, have lieen appropriately named 
“intermediate limes,” or such as occu]))- a jsis^.ion intermediate between 
the true limes, which undergo disruption when ex|)osed tit the action of 
water, and the cements which do not, .apparently, Ix-come changed when 
.so treated. 

It may be assumed that limes of.i^very dill'erent degri'C of energy, fi-om 
pure oxide of calcium down to true calcareous cements, exist in nature; 
thus there is an enormous range of varieties of action to be studied, and 
any attempt to classify all limes under two or three sub-heads must Ix) 
futile anil untrustworthy. 

In Ollier to rightly understand the action of limes and cements, a 
certain amount of chemical knowledge is involved, and this branch of the 
subject miiy now be brielly discussed. 

Quicklime or Caustic Lime.—Quicklime, caustic lime, or the oxide 
of ealcj'uin, one of the earthy metals, does not exist in^ nature, i*r is 
metidlic calcium itaelf anywhei’e found in an uncombined f6rmi ’ V7e 
obtain iiuickliine, tlu' chemical symbol ^or which is CaO, by calcining or 
heating to redne.ss a avrbonate of lime, CaCOj, and by this ineans^ 
expelling the carbonic acid gas or carbon dioxide. COj, with which the 
lime is, combined, and which can be dn\en blT in the gaseous form qt a 
cherry-red iieat (about 410° Centigrade). , 

I’rei>aratioii kf Cfuicklime .—Lime combined with carbonic acid is 
. found in a great varii^.y of rocks in all parts of (he vorM, and in every 
different degix-e of {Jurity. 'Froin any pure carboieto of'limc, sucll as 
marble|’ or from any o^ the'various descriptions of lime.stone!' an^ of 
eh«dk, the calcium oxide or quicklime epn thus readily be*prepared; bbt 
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in ^niei' to keep the oxide unehanged, it must, ns already stated, be 
pre'servefl from eontnct with the atmospliere. , 

Chemical Composition of Quicklime.—In a puPe carlioiiate of lime 
44 parts by weight of carbon dioxi<lc or carbonic acid are combjjiefl with 
56 {Mirts by weight of calcitlir. oxide. Tn The oxide itself 40 fiarts 

weiglit of metallie calcium, t'a. are combined witli 16 parts of 
oxygen gas, O. This oxide cannot be decdlni>osed by heat. The 
lime burner has, therefore, in his kilns to drixe off the combined 
carbonic acid in the form of a gas, and thus to obbiin the lime as used 
by the builder. 

Calcination of Limestone.—Generally speaking, the lime.stone or 
chalk, when placed in the kiln, conbiins a certain iiercentage of moisture, 
xchich has also to be expelled, and thus the lime burner can rarely, when 
the stone is thoroughly well burned and all the carlani dioxide is 
ex|ielled, obtain more than half its weight of (|uicklime from a given 
xvcight of stone dealt with in the kiln, though in theory the yield .should 
lie .')() ]a‘r cent, of lime. 

Cai'Jxniic aidd gas is driven off much more fn-cly in an atmosphere of 
steam, and for this reason some authorities have a<lvise<l the use of the 
steam jet in Fone kilns, but w e are not aware that this plan has met with 
any measure of pinctical success. 

Action of Aqueous Vapour.—The action of ai|ueou.s vajnmr upon 
the lime undergoing calcination may In' thus explained :—A vapour or 
('as ascends into a space already lacupied by another gas difl'ering from 
it in eoinposition, almost as quickly as it would into a vacuum, ow'ing to 
the law of the diffusion of gases, which teaches us that the various gases 
have such a ])oworful tendency to permeate each other, that, in order to 
do so, they will fre<iuently overcome consideiable resistance. Water, for 
example, evaporates as readily into dry air as into a vacuum, but this 
ttnidency is impeded when the air above it is alieady charged with 
asiueous vapour. In the same way when the red-hot lime is giving off 
carlfcniie acid^as, this gas escapes much more freely into an atniosphere 
of aiiueous vapour than into one of carbonic acid gas, for in this latter 
case the e(((:aping carbonic aci|) has to overcomB the pressure of that 
which has Ijeen already evolved. It is ti-ue that if we could .sub- 
.stitute a current of air at a very high temperature for the aqueous 
vapour the .result woitld lie th<' siime, but this woulil entail practical 
diltioultie.s. 

Gay-Lu^ijac’s Experiment.—Gay-Lussac, iiie Eminent chemist, 
devised an ingPnii^s ^xpenment to demonstrate Jlie effect of «team upon 
the calciiiatiftn of Jme. He introduced into a lufl’d glass tube, inserted 
iU|,a fUrnace which enabled it to be rui.sc^l to Jhe required temperature, 
some pieces ot broken marble, pne end of the tube was connected with 
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an apparatus for the evolution of .steam, and tfie otlier end was furni.sj(ed 
with a contrivanee foi; eoHeeting the carlsjuie aeid gas. Tla^ tent^iei’atftre 
was then rai.sed tS tlie jioint at wliieh the marble began to l)e rapidly 
decoinpc^ed, and at this stage b}' checlnng the di'augltt the mass was 
reduced to a dark red htsit, so that all e^ohltion of carbonic acid ceased. 
iSteam was at thi.s moment permitted to pass through the tubes and 
once cai'bonic acid ga-s tigain nuule its apjx’araiice in consulerable quan¬ 
tities and continued to ])ass oil' undei’ these eireumstiiiices in a manner 
entirely dependent upon the current of vapour. Thi.s experiment proves 
that limestone is deeom])osed at a far lower temperature with the help 
of ac|ueous vaimur than under ordinaiy eii'eumstances. In an atmo¬ 
sphere of carbonic acid gas, caibonate of lime, as we know from the 
investigations of Faraday and Hall, remains unchanged even at a full 
red heat. 

Composition of Slaked Limo.— M'lien lime becomes “.slaked "it is 
found that .'iC parts by weight of quicklime combine with 18 parts by 
weight of wate'r, HjO, to form 74 ])arts of calcium hydi’oxide, Ca{OH),. 
Great heat is evolved in this proces.s, and the action is exiiedited by the 
use of boiling wab'r. Certain “pool' limes’Vwhich will scarcely slake 
or fall to powder when cold water is emj'loyed, will crunfblc into dust 
reiulily if the water is at the Isiiling point. ' 

Classification of Limes.—Limes are frequently classed as “ fat ’’ or 
rich limes, if they readily become slaked and furnish a large volume of 
powder, and “poor’ if they are impure and become slaked slowly, 
yielding relatively but little dust. Cases occur, of course, when the lime 
■will not fall or slake at all. Gerbiiii jioor limes, which are ja'actically 
natural cements, maj-, if they are calcined at a projjer temperature and 
ai'e finely ground, be employed as cements. To render the.se limes 
available for the u.sc of the builder, it is thus necessary that they 
should 1 k’ ground previous to use. 

Condition of Water in Slaked Lime.—The water which combines 
with tl(0 lime in the act of hydration is truly solidified, and the hych'ate 
formed is, when the exact jiroportion of water necessary foi' thiS purjiotse 
has been employed, an absolutely dry ,nowder. On addiqg a further 
quantity of water, the bulk of this powder is much reduced, and it maj’ 
be b'mpered into an extremely rich and unctuous.paste. If this paste 
is permitted to dry, it shiinks and forms porous mass of no great 
hardness. < t 

Dry Slaked Lims kept from Air remains unch^ged.—If the 
hytU'atii ot lime is preserved from atmospheric ifction afici placed in a 
' hermetically sealed vc'Ssel, eitkor as a dry powder orm,iade up with waiter, 
it imdergoesTio alteration whatever, the piowder remaining as .such for,^an 
indefinitt' period, and the paste showing^no sign of change.'" The hydrafe 
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of Rine possesses in fact no inherent power solidification. Jit proof 
of this Alberti states that sojiie lime taken from^ mortar-pit in an old 
ditch, aljandoned for upwards of .")00 years, was “.ftill so moist, well 
tempered, and i-ii>c that not honey or thi,‘ marrow of animals ^oiJld he 
more so.” 

^ Lime slowly recombines with Carbonic Acid.—When exposed to 
the air, pure caustic lime is cou\erted very slowly and without notable 
increase of temperature into a rather coar.se pow<ler. It is not, under 
those <arcumstance.s, wholly converted into a cai-lmnate of lime, even after 
the lapse of many years, hut, h}’ the simultaneous absorption of moisture 
and carbonic acid, it is resolved into a double compound having the 
formula, accoriling to I'’uchs, of CaCO, + Ca(OIl).^, or consisting of equal 
ecjuivalents of the carboiiatt' and the hydiate. of lime. The carbonate 
thus produced would seem to result from the ih-eojiiposition of the first- 
forine<l hydrate, for when moisture is wholly excluded no combination 
between the lime and the <lry carbonic acid gas tak<‘s jilace. In order to 
expel the water of hydration, the slaked lime must again be heated to 
dull reilness. 

The Action of Carbonic Acid mainly Superficial.—lame made 
from pui'e cawbonate of lime, when slaked anil used for mortar, likewi.se 
gradually recombines with the carbonic acid gas ]ii'csent in the atmo¬ 
sphere and becomes indurated, but this lU'tion is m.iiidy in the superficial 
layers of the mortar, as the gas penetrates very slowly. In fact years 
must elapse liefore the recarbonisation of the lime is thoroughly accom¬ 
plished, and in the case of thick walls the internal layers of mortar never 
become completely hard. It is necessary to distinguish betxveen the 
■so-called “ set ” of the mortar, which is merely due to the absorption of 
the superabundant water, and the actual induration by meajts of the 
carbonic acid gas which is a process of years or of agi's in the case of 
pure limes. 

The Influence of Clayey Matters.—But absolutely pure limestones 
are •idy met with in exceptional cases, as nearly all limestone rocks, and 
tl»‘ g'fSTiter part of the chalk formation contain varying percentages of 
clayey matters (silicates of alum^ia), iron, alkalies,*&c., and it is upon the 
proportion of these ingredients present that the behaviour of the calcined 
lime principally depends. It is, in fact, owing to the presence of certain 
of these clayey matters, P*st, as we shall see pointed out by iSmeaton, 
that iimes pass o\er by gradual stages into the form of ceme#ts; tliat is 
to .say, that the.se sub.stances so far influence tl)(( skking action that 
they may even*biT#g about the ultimate setting gf the mixture without 
change of v«lumej-»the characteristic property (as already stated) of 
ceiyent*. j 

' Artificial* Admixture of Qlayey Matters.—It is not necessary. 
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however, that the iiinestdhe sliouM liare bten the source from which 
these ijaypy mattai-s yere deiived ; they may )x> conveyed to th%calciied 
lime by admixture*witti it at the time when it is treated with water, or 
they fnay ho ground up aUmg witli tl](' luin|i lime Irdforc it is slaked. It 
is this fact whiidi needs eaVeful eonsideratiwi when we have to deal with 
the iTiHuence of heat on mixtures of lime and clay, and the nature of th# 
clianges effeehsl in the kiln. The silica compounds are of a very comple^ 
character, ami may he jiroduced, as we shall .see, both by heat and in the 
humid Nvay. All that is ?ieeessary iVu* the due ju.'tion of these clayey 
matters is that th(‘y should themselves have been roasted <ir calcined, 
eith(!r artificially or by volcatiic heat. 

Puzzuolana, Trass, &c.—Certain of these substances which are 
added to pure limes to bring about this action are called ])uzzuolanas 
or trass. These aix' clayey or siliccsms matters of volcanic migin, but 
roasted shales, brick dust, and burnt clay or ballast, all of them, mon- or 
less, )iosse.ss this inlluence on the puiv limes, and have the power of im¬ 
parting to them the attribub's of cements. 

The volcanic a.sb found in the island of tiautorin, and known as 
Kantorin earth, is typical of many kinds of scoria’ W'hich haVe been 
u.sed successfully with fat or pui’C limes to impart to tlwm hydraulic 
properties. .The proportion fif silicfite of alumina' in this subsbince 'is 
relatively high, and there is much less iron than in the ease of tras.s 
and puzzuolana. 

Silica and its Compounds.—It will be necessary, in order to under- 
staml the chemistry of cements, to treat next of silica and its comiMiunds. 
Silica, the oxid(! of the element silicon, is found very widely distrihuted 
in nature, sometimes pure but more often in combination with other 
.substance.s, as it po.sse.s.ses strong allinity for entering into the composi¬ 
tion of complex salts, known as compound silicate.s. It plays the part of 
an acid, and combines with lime, alumina, iron oxides and the alkalies in 
numerous dilferont proportions. It is found that 28 jmrts by wmiglit of 
silicon, .Hi, and ,12 ])arts by weight of oxygen ai'e pi-esent in .silicic acid or 
silica, having the chemical foi-mula of SiOj. Clay, the silicate oKilumiu^i, 
may Iw taken as thectype of the .silicfj. compounds, while quartz, flint, 
and chalcedony consist of almost pure silica. Porcelain clay, which 
contains ulwut 47 parts per cent, of silica, ;l9-2 parts of alumina, AljO,,, * 
and 13-7 juirts of water, and correspond^ to ,the chemicar formula 
Al20j2Si0,j+ 2Aq, with a molecular weight of 258'4, may represent 
the silicates. Tkere*atv, howevei’, an enormous number of clays in 
which.silica and alumfua aiv present in very varying pUo^u-tions, and 
which con^n in addition iren oxides, alkalies, lime, Ac.o For certain 
of these clay.s it becomes alwi’ost impossible to propound any <reliable 
obemical formula, to express their composition; and aluiuina, wlule it 
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*may combine in certain definite proportions* with the silica as # base 
is Sso capable of acting as an acid, and of combining with lime and 
the alkalie.s to form certain more or less unstable «ompouuds termed 
aluminates. • 

Alumina is the oxide oj the metal uluni4niuni, jil, •>vhieh*has the 
i^tomic weight of ‘27-2, and t«o jiarts of aluminium combine with three 
parts of oxygen, e(]ual to 4S, to form its onjj' known oxide, termed 
alumina, the molecular weight of which is 102' t. 

It will not now be necessary to study in detail tin- combinations of silica 
and alumina with iron oxides and the alkalies—soda and potash—though 
tln-se compounds play a very important part in cement .-R-tion : we shall 
ha\ c to icvert to this question hereafter when we consider the chemical 
changes consequent on the calcination, the hydration and the induration 
of cements of various kinds. 

Itcstricting ourselves for the )iresent, therefore, to the silicati-s of 
alumina as tyj)ical of the coiiqiouiuls of silicic acid, wo may pass on to 
discuss the modifications brought about in the slaking action of limes 
consequent ujion the presence of these subshinccs. I\’e will take first 
iin])ur<^ limestones, or such as con'.iin a proportion of the .silicate of 
alumina, togj-ther with certain i)erccntage,s of the oxides of iron tending 
oo discolour the lime. 

Influence of Heat on the Silicates.—>\ hen limes tif this character 
— 'namely, such as are combinetl with vaiying percentages of silicates— 
are. burnt in the ordinary way in the kiln, the rarbonic acid gas is first 
expelled from them, as in the ca.so of the pure limestones, and the clayey 
matters assist in its expulsion, owing partly to the aUinity of the silicic 
acid for tin- lime aiul jiartly to the fact that the frei! and combined water 
in the cla}- is driven off, and the steam produce<l in this way facilitates, 
as alrea<ly stated, the expulsion of the carbonic acid. There is thus a 
double change to be effected in the kiln, and the expulsion of the water 
from the hydrated silicate of alumina in the clay may go on side by side 
wilrfi the dispersal of the carlxmic acid. 

• 'jPBC' Calmnation of Clayey Limestones.—These clayey l!5nestone.s 
are thus burnt more readily thjn the pure limestones ; they also require 
less fuel and less time. But when the heat is sufficiently prolonged, a 
further action takes place in the kiln, the silicic acid and the lime react 
upon one another, audj eitlibr produce a new compound, termed silicate of 
lim^ or so W further the formation of such a silicate that,j)n tire addi¬ 
tion of water, this compound is formed with grej^l rapidity. The silica 
combined vnAi alumhia and iron oxides in th^ clay iiiis.ses,to the lime 
when the carbonic^cid is expelled, and po doubt portions of the silica 
are sefeed upon by the red-hot lime, whMi is in wliat chemists term the 
“ nascent state,” and is, therefore, in a condition eminently well fitted to 
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foi-m ft'esh chemiciil comfiouiifls. Similarly the alumina and the jeon 
oxide act as feeble acyls, and combine with a portion of the lira? to f8rm 
aluminate.s anS feft'ites of lime at the temperatures found in the cement 
kiln. * TJie calcined mass, if it is then brought into a \ery finely-divided 
condition, can rearlily la' a(,'ted upon by watt'i’. 

Action of Water on Silicates formed in the Kiln.—In using, 
sti'uctural purposes, lintes of thi.s charactei-, therefore, a fresh set of 
affinities comes into jilay. AVe have, first, the affinity of the (juicklime 
for water, and, secondly, the aillnity of th(^ hydratt? of lime and the silica 
and alumina to enter into combination. 11 must be pointed out that this 
second reaction can and does greatly change the violence of the affinity of 
lime for water, and that it is possible to so “deaden,” if we may thus 
term it, the action of quicklime that, upon tin' addition of water, instead 
of heating up and falling inp) powdi'r, it may pass (as we have seen) into 
the condition of a hydrab'd silic.ste, without perceptible heat, and with 
little or no change of physical condition. 

Stable Compounds formed by Hydration.—The hydrated silicates 
of lime thus pi-oduced aiv not liable to be altered to any appreciable 
extent when exjmsed to the ]»rolonged action, of water or of the atmo¬ 
sphere, and the compounds of liiiu' with •■■ilica and alumina*thus aflbrd a 
durable <'em<'nting material, suitidjJe also foi' hydraulic. purpos(‘s. ft 
must not be forgotten that the lime which enters into combination with 
the silicic acid p.asses from a slightly s^uble into an almost comjilefely 
insoluble condition, and il will be observed that the aidion of induration 
differs ontirel}', in the case of cements, from the slow and tedious harden¬ 
ing of common lime mortar, due to the gradual recombination of the lime 
with the carhonie acid gas present in the atmosphere. 

Character of the Kiln Changes.—It will have been noticed that wm 
were careful to state that the lime, as also the .silica, the alumina, and the 
iron oxides, eiUier entered directly into fresh chemical combinations, or 
that they timdcd to promote the formation of silicates and other com¬ 
pounds for the changes brought about in the kiln, and tjie suh seqi tent 
reactions which take place when water is added to the calcined materiate 
are very eomjilcx and'difficult to investijjate. It is evident^ from very 
simple tests that, even in the case of cements of the Portland tj’pe, , 
considerable quantities of lime remain in a condition under which 
they are capable of combining immediately 'witlii water, or, in a st^ 
in which such lime is free to be acU'<l upon or to undergo further 
chemical change. • In a well-burnt sampde of intermetUaJe lime the 
silica has eissumed thijt form in which it is ‘soluble* in a boiling 
solution of carljonate ’of soda; after treatment witlf hydrdbhloric acid, 
for clay which has been (^IcinAl in contact with lime or other nietaUic 
oxides is readily attacked by the acid, ivid the silica liberated assumes 
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the*gelatinous condition, or that in whicli it can freely combine with 
the’alkaBes. During the calcination, therefore, •f hydijiulic Ihiies a 
stage is reached when, after the (expulsion of the ciirhonic aciclj the 
■silica and the alumina of the clay on the oije hand.ap^ the <imo on 
the other are in a conditiofi to mutually react upon one another, 
ii^l to form compounds capable of Ixung re-ariiinge<l in the piH'sence 
of water. The most rect'nt o}>inion is that iif well-made samples of 
Portland cement we have a tri-ealciuni silicate in conjunction with a tri¬ 
calcium aluminatt'. If a small (|uautity of the lime is combined with the 
iron oxid<^ as a calcium ferrih*, these compoumls would together account 
for the whole of the linu' present in tin' (.uigiual mixture. We are not 
able to sbite very definitely the luoportions of these combinations, but 
this fact is certain, that at this )>eriod of the <*al(!ining process a very 
slight increase of heat sultices to fus(' or jiartially viti*ify the mass, 
in which case c(>nij>let<‘ combination Ix'tween the lime and silica has 
undoubtedly Uiken place, and the silicot<‘s produec*d in this way by 
beat mani£(‘st but little tmidmicy to undiago any change wlu'ii treated 
with \>^ter. Tt is, tluuefore, most im]>oi’ta.nt not to ovmburn or, as 
it is termed, to “dinkey’’ tb(‘se intermisliate limes, though in the 
manufacture *of Por^and cenumt it is (‘sscntial that the shigi' of in¬ 
cipient fusion should be attaimsl in the kiln. 

Action of Impure Limestones when Calcined.—Home clayey 
limeshmes arc inucli more liable to fuse than otbi'rs, and it has been 
I pointed out tliat those in which tlu^ pro]>{>rtion of iron oxiih^ and of alkalies 
is large are most ex])osed to this risk. ’rii(‘ glass-Iikii or vitreous silicates 
foniK'd in this w'ay by heat ai‘e geneialJy produced only on tlie surface of 
the lumps of overhurnt linn*, and unless such lumj)s arc carefully jiicked 
out and cast aside when the lime is being made into mortar, they may l>e 
tlie source of much subsequent injury to the work, first by tlic rehirded 
slaking of particles of lime encased in the inert silicates, and second by 
the more gradual hydration of cerhiin of these complex silicati^s wljich 
nia )c atteiK^ed by slight iiiofeas(i in buik, tending to the di.'*'uption 
o£*the mass. 

Limes T»ry widely in thefr behaviour Witt Water.—It will be 
»un(Jj'istood that, between the pure or fat limes, which slake in the 
ordinary way, and the true cements which .set without change of volume, 
thrre are an jnfinite m»mb^ of varieties of limes which incline, in one 
direction or the other to rards these two extremes. Tht^e are also 
numerous hjjd^aulic limes which first fall to pieffes Suritig the act of 
hydration, and wMch suhsecjuently set and heeoSie induratcff when the 
effect of the Silicate# conies into play. Jif this category belong many of 
the. limes of ^he lias formation, and eerfiiin of the grey limes of the 
lower chalk. 
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Definition of the Energy of Cement Action.—The energy of a 
cement depends upor^tlie rapidity witli whieli llie lime and thw silica, or 
the lime and thi^ alumina, cojiihine in the presence of water to form 
stable c^mpounds^or with which the I'cady-fornied .silicate.s and aluminates 
beeoine liydraled when watei- is added. We have thus the quick-setting 
cements of the llonian eemeiit type, which Ixscomc indurated mainly Ijf 
simple hydration in a few minutes, and the den.se cements resembling 
Portland, which depi'iiil for their imiuration on a re-arrangment of the 
silicates, and which may take as many hours to s('t as the former 
substance does minutes. 

Tt should he here noted that when we speak of the setting of cements 
we im[)ly the? act of indurati<pn and not the mere ahsorjition of tin- water, 
which is most characteristic of the imperfect .setting action of a lime 
mortar. 

The Influence of Calcination upon Cement Action.—The cal¬ 
cination of these \arieties of cements jilays a V('ry ijiqiortanl jjart in tln-ir 
suhse(|uent ladiaviour, when teirijpcred with watcu’. Thus it is possible 
from the same clay-limestone to prejaire 

(«) A hydraulic lime : 

(f<) A (piick-setting cement : and 

(c) A cement resembling I'-’ortland cement in charactei’. 

At a low temperature in the kiln tSe luixtui'es of lime and clay hare 
not mutually reacted the one on the othei', ami we obtain a material in 
whi(di the energy ilue to the hydration of the lime orercomes the 
temleney of the silicic aei<l to enter into combination with this lime, 
under the agency of water. 

When the second stage in the calcination is reached the silicic mud is 
liberatt'd or j'endcred eai«ihle of attacking the lime, yielding a cement 
which .sets with eomparatire rapidity. AN'hile, lastly, under .still more 
intense firing, the stage of calcination is apjpromdieil when silicates and 
aluminates arc' formed in the kiln and when the material acts Ijjtc a 
Portland cement, and when the iron, moreover, which tad during the 
first and si'cond dcgnoes of caieinationj,remained in the condition of a 
peroxide, passes into that of a protoxide (as is always the oa.se in pcrfectl)' 
picjuired Portland cement). This change in the oxide of iron is ^nly 
effected at very high temperatures, and furrt>«hes a certain indication of 
the production of a dense slow-.setting cement. It, in the ease ftf this 
clayey lime.stone> the clay hml been less in quantity we should have 
obtained e hydraulic (jjne which would slake with (jjfticfdty, and which 
would be diable to the evil effects of “after-slaking.” If the proportion 
of the bases contained in tlie«Tay, relatively to the amount of .siKcic acid 
present,-had been greater, the mass would have probably bbeome vitrified 
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jjartially fused before the temperature new%siiiy for the final stiijye of 
calcfinatidh was reached. , 

Condition of the Silica Important,—Tlio contfStion of the silica 
present in impure limestones has an iinpoi’tant influence (»n tlnjii*^ahie 
when employed for the mamifactiiiH* of hyifraulic Inne. Any silica 
ill the uncoinhined shite as ijuartz sand is nnacted upon hy tlie 
lime at the comparatively low temperature iif th# kiln, and conse«|iientIy 
after calcination it does not separati' as a ijelatinous bulky mass, as is 
usual with the silica in sam))les of hytlniulic lime, wlieii ti‘(‘ated with 
hydrochloric acid. Furtlier, it is uiiacb'd upon by a boiHn,*^ solution of 
sodium carbonate, and it is not in a condition to enter into eombination ; 
it is present, in fact, siini»ly as inert matku'. Tn ord(‘r to eoiifej* liydraulic 
proj)erties upon tlie lime nuu'li of the silica must, hefore hui’iiiniLf, occur 
in combination, preferably Mitli alumina. 

Afany of the beds of impure limestone in the eaiboniftu'ous deposits 
contju'n frc'c .sili(*a as sand in eonsidiuable ijuaiitity. Lime ])repared 
from stone of this description is easily recoj^nised by its friable j^iwiiilar 
appearance, while, (ui the otlier hand, that whi< li is burnt fii>m stone in 
wliieh tlio silica exists in combinati ui with other substances, as is the 
case in the It'ds of the lias formation and in .some of the carbonifei‘<»us 
dejKisits, has a dense, close, even structure*; tln^ lumps of <juickliine 
rin^iri^ when struck toj^ether. 

Analyses of Hydraulic Limestones and Lime.—Tlu^ follioving 
arc analyses of blue lias liydraulic limestones of excellent (quality, No. 1 
being from the neighbourliood of Newport, Monnioutlisliire, and No. 2 
from Leicesk'rshire:— 



No. 1. 

No. 2. 

Silica, ..... 

7:ui 

9-68(1 

Alumina, .... 

. 2-air* 

2 •8*27 

Ferric oxiile, 

■oad 

•563 

Iron disulphide, . 

. 1 14!) 

•379 

Calcium carbonate, 

. 83 0115 

S2I-2S 

£alciur#sulpliate, 

•275 

212^ 

Calcium phosphate, 

•0S7 


Magnesium carbonate.. 

.’i-ijl).") 

'134 

Potash, 

’597 


Soda, . . ^ . 

■318; 

Not dctermintsl 

Loss on ignition, . 

•8:4 



lOOlJG 9?‘8*i4 

• o 

Tlie follow^g •rerihalyses of the blue lias hyciraulic limo of Leicester¬ 
shire, No. 1 ^rouiitH No. 2 lump. The fjeds of‘stone burned for the 
pr^Mirition of the gi’ound lime contain more j^lay than those used for 
t!ie lump lime. and. after humine. the, lime would cither slake with 
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difficrfity, as described iS the preceding paragraph, or it might j^not 
slake ijt all. ^ When .ground and stored for a short time, th(* material 
possesses the properties of a cement, setting and hardening without 
porceptWe altj*ration in volume. Both of these limes have attained a 
deservedly high reputation as water limes 



No. 1 

No. 2. 

Insoluhle ftiliceous ^natter, 

. 3'6(»3 

1-031 

Silica,. 

. 17-496 

12-230 

Ferric oxide. 

8-972 

2-907 

Aliimijia,. 

. 5-120 

4-640 

Lime,. 

. 57*393 

72-980 

Maj'nesia, .... 

•618 

2-479 

Sulpliiinc acid, 

. 3-153 

1-775 

. 

-862 

-641 

Sodii,. 

-346 

-203 

T.AWS on ignition, 

. 2-480 

1-062 


100-043 

99-948 


The Influence of the Alkalies.—^\'o have still to deal with the 
alkalies and their combinations as affecting cement action in conjunction 
with linu!. The jiropoition of alkaline mathus present in the clay used 
for cement v.aries, as we .sh.'ill see later, very eonsidendily; but tiie 
presence of the alkalies is of the utmost impoitanee to th(> <;ement 
manufacturer, for many of the chemical eh.anges upon which he relies 
art' largely assisted by the formation of alkaline comjiounds. It mu.st 
be remeiniicred that the potassium and sodii.m silicates arc the only ones 
which are soluble, and th(> alkalies tlierefore act as cai'i'iers of the silicic 
acid to the, lime and the alumina in the pre.sence of watci-. Moreover, it 
i.s, as already staled, a well-known chemical fact that silica when acting 
as an acid him a great tendency to enter into combination with a group of 
bases rather than with any single substance. It is probably for this 
reason that compound silicab's of lime, alumina, iron, and the alkalies 
are so readily formed in the kiln. 

Premy’s Experiments.—From the experiments ot**M. Fiemy, 
which Ave shall refer at considerable leijgth when we consider in detail 
the kiln changes during the calcination of Portland cement, it appears 
that lime and silica react upon each other at .a much lower {em-* 
perature than lime and alumina; silicates If lime being produced at 
temperatures below 700° Centigrade (1,292° Pahrenlieit); white the 
alumina and lime tr the silicate of lime and alumina only begin 
to fonn double compounds when that temperature te exceeded. The 
heat of the kiln at Avhich incipient fusion takes place is. about 1,600° 
Centigrade (2,912° rahrenheit). It seems, however, probaWe ^hat 
alkaline-mattws have the property influence the reaction of the 
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Ame, alumina, and silica, us also that of the iion o.'iidcs, in the cement- 
material at much lower temperatures, acting in the nature of liuxos, 
and we think that the knowledge derived from Experiments with 
lime and silica, or liine, silica, and alumina in the ahsenee^^oi' tin' 
alkalie.s, is liable to he misleiwling. The alkalies, after tllej’ have done 
tl^ir woik during the earliei- stages of the calcination, being relativtdy 
volatile, are to a eonsiderahle e.xtent driven ud' when extreme tem¬ 
peratures are reached, and they are found only in small (piantities 
in well burned eements. We shall treat of this question hereafter 
when discussing the induralion of eements. 
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THE BURNING OF LIME. 

CoNTi'.NT.s.— lissoiitiul Contlitioiis to 1« 0]>ser\'orl—Common Kilns—Continuous or 
Shaft Kilns—Soparation of the Fuel from the Lime Froducts—The Ruders- 
dorf Kiln The lloflinann Kiln. 

Essential Conditions to be Observed.—Tt will be evident, from the 
■study of the cheinieal foots oonUiiin'd in the foregoing chapter, that tlie 
l)r('i«irati<>n of lime, for the builder or' the farmer, is a very simple 
operation, and the jiroces.s of lime-hui'niiig, though an art of the highe.st 
antiipiity, has not I'eceived the same amount of care and attention as 
that devoted to the irranufacture of cements. The lime burner has 
merely to expel the carlionie acid, aitd lie is not called upon to .study 
the very complicated reactions involved in the production vf ctunents. 

Antiquated Form of Kiln.—T'luv I'arlicst lime, kilns were probably 
merely pits oi' hollows sunk in the ground, or excavatiMl in the face of a 
hank oi' hillsidt', in which the limesUale or chalk could he i-aiscd by the 
heat of hui'iiing coal, peat, wootl, or otlu-r fuel, to the tempeiatni'c needed 
to expel the carbonic JU'id. The.se crude kiln.s were often lineil with' 
some refractoi-y material—brick or stone—and, where fuel was costly, 
devices were introduced to drive the heat through a con.siderahle depth 
of the nvw matci'ial, for which purpo.se a conical hood or chimney was 
added, and the Ixjdy of the kiln or “shaft” was leugthmied. The first 
kilns wei'c doubtless of the intermittent type— i.e., the kiln charged with 
the raw material was burnt out and allowed to cool. The lime was then 
drawn out, and a fresh charge of raw mater ial was inti'oduccd, to ,be in 
turn converted into lime. Thi.s process, in which there is a groat wg.ste 
of heat, is still in coumon use in raany^parls of the country, but in some 
places the old-fashioned kiln has given place to the so-callecf“ draw kiln,” 
or running kiln, in which the firing process is continuous, in order tift 
ett'ect which the total height of the kiln is g.;“atly increased. 

Thei'C .is always, at the top of the draw kiln, a charge of raw matenals, 
becoming graduilly.heated by the surplus heat from the calcination of 
fire 'stonQ, into lime, in the central or hot zocie, Jjen^th which the 
calcined-stone is in turn getting slowly cooled (jpwn .so as to permit 
of its extraction at the bottom'of the shaft as burnt lime. 

Forms of Continiibus or Draw Kilns.—Kilns of this type mayj it 

4 ‘ 
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IS e'ydent, be arranged as vertical shafts, or the Beat may pass horizontally 
throngh a«tvinnel, one end of which is the firing elK^ for the in.sertiou of 
the raw .stones and fuel, and the other end, neai'est to tfle e^iaust fine, or 
chimnej', being u-sed fSr the remov.il of the calcined mab-rial aftey lleing 
converted into lime. If a h(»'izontally-fired kifn of this type is built in 
t^ form of a ring, we obtain the annular continuous kiln patimted by 
Hoffmann; or if the kiln is a mere straight 4unnel, with a moving 
charge, wc have the plan ]Ki,tcnled by Bock. 

Separation of the Fuel from the Lime Products.—Tn order to 
obtain the lime free from admixture with the ash of the fuel, and thus to 
secure a material which .shall present a better aiipcarancc and command 
a highei price, various jdans of firing have Ix'en )iractised. They all aim 
at conveying the heat into the lime from a separate fire^'hamber. The 
well-known “Hare kilns," in use in the south of England for burning the 
chalk lime, arc familiar examples of this principle, and in these kilns the 
fuel i.s burnt on fire liars beneath the charge. In loading the. kiln, which 
has to be done by hand, rough arches are formed out of some of the 
larger lumps of chalk, so as to .sci'vc as fire-chambers, the heat from 
which strikes upwards througluml the entire mass, griulually converting 
the whole kilfi-chargc into lime. All kilns of this type involve the use, 
o? a rather larger quantity of fuel than those where the fuel is inter- 
stratified or mingled with the raw material. 

Shaft Kilns with Separate Fireplaces.—Even in the case of 
running kilns or draw kilns, it is ijuite possihhi to provide fire-chambers 
suriounding the hot zone of the kiln, in which tlu' fuel is consumed free 
from actual contact with the stone, and the products of combustion puss 
from the fireplaces into the central shaft. In .some ca-sos the kilns con¬ 
structed on this jilan arc of vciy large dimeusions, and the firing is so 
arranged that the amount of heat lost i.s very small. It i.s, however, 
evident that a certiiin amount of heat must pass into the walls of the 
tire-chamber, and thus lead to a waste of fuel, although a well-designed 
cont&iuous kiln, with outside fires suitably dispo.sed, will produce, a pure 
claan lime, free from ash, at a relatively small cost. 

Advantg^e of Aqueous IJapour in the BKln.—The fact ascer- 
^taiaod by Gay-Lussac, and mentioned on l>age .3, that aqueou.s vapour 
m.ay be made to play, an important jun t in the expulsion of carbonic 
acijJ, should be reraemba#6d in connection with lime burning. In 
ncarljk all ca.ses the stone or raw material contains natuujly a largo 
pi'oportion of moisture, but in some form,s of v«rti«il kilns all the 
moisture is drKei*off *in the upper part of the kjln, before, th# hot zone, 
which i.s in the vjpkiity of the furnace ahamberti, is reacheil, and in 
suc{( cflftes the burning can l>e to some estent ^facilitated by the intro- 
dhetion of steam into the kiln a|png with the air needed for combustion. 
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Kxptinenced burners ofUn wet tlie stone lK;fore burning it, whicti is 

rougli and ready way of attaining tins oi.jert. ^ ' 

Choice Oi Kilns for Limes of Different Kinds.—Tiie choice of a 

suitttl.le kiln for burning the limestone must, to some extent, depend 

upon tlie cbemital composition of the rpw material. Certain of tlie 

hvilraulic shales of the lias series, the chalk marls of Cambi-idgeshire, and 

“ f. 

the clayey limestones o| the coal imaisures, are liable, if the calcination*is 

conducted at too high a temperature, to become partially fused, and in 
this condition to cake together and to obstruct the draught; or, in 
running kilns, to cling to the walls of the kiln, and thus render the 
dow'iiward movement of the contents no longer po.ssible. It is manife.st 
that linu'stoncs of this kind is'quin' very great care in burning, and 
wo.dd be diflicult to calcine in shaft kilns, unh'ss special aiTangements 
Avero ])rovid(“d for access to the hisited mass in the vicinity of the firing 
zone. A kiln which is admirably ad.ipte<l for burning a pure chalk or 
a mountiiin lime.stonc would no doubt ].rove (|uite unsuitable for the 
calcination of these more fusible substances, and its introduction for this 
purpose would probably ])ro\e a failure. 

The Admixture with Ashes.—For many purposes tor which lime 
is used eommorcially, it is very important that it should^Juc as pure as 
piossible, ami tree tiom the ash or clinker ari.sing from the fuel. Tt. is 
perha])s loss essential now than was formerly the case that thi' linn' used 
by the builder should be ke])t apart frijpt the a.sh of the fuel, as in nearly 
all important works it is customary to prepare the mortar in a mill, 
which wouhl crush uj. the.se sid.stances along with the lump lime and in-*^ 
corporate them in the moi tar. For the use of th(>. j.lasterer, the lime is 
slaked and run through a sieve, by Avhich means all the impurities and 
underburnt particles are eliminated, A much better looking lime no 
doubt results from the u.se of kilns in which all contact with the fuel is 
avoided; and although the cost of doing this adds, as we have seen, to 
the expense of the burning, it is cei'tainly w'orth while to endeavour, if 
possible, to keep out the ash and clinker. ^ 

CctntiuuouB Shaft Kilns.—This fact has led to many recent inven¬ 
tions for kilns in whyi the lime is eauseil to pass down a .shaft, and to he 
acted upon by furnaces or flames in the course of its progre.ts. 1 n nearlj’ 
all of these kilns it becomes a matter of nece.s.sity to piwide fora«-verJ 
considerable column of the material under,,^reatiuent, Iwcaus.. space is 
needed (a) for a charge of raw material to bo dried and heated b^ the 
superabundant Ijyat^of tlu' materials undergoing calcination in the hot 
park of the kiln ; {h) for a stratum of lime.st(V!ie at the level of the 
furnaces, which must *Ik' maintained for some time at a dull rixl heat; 
and (c) for a space bcneatlj the firing zone in which the limp can be 
. cooled down sufficientlj* to permit of its removal at the losve.st level.* To 
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wor^ a kiln of this tyjje with the utmost ecouoitiy, it has been founA that 
a total height of from 30 to 50 feet is needed. It is not expedient to 
increase the internal diameter to more than from 7 to 8 feet, exce|)t in 
the ease of a pure limestone : and where the height of the shaft^-’xceeds 
40 feet, the process does not iMisw er well, exee^. with hard stone. The 
danger in the use of lofty kilns is the risk of the formation of pipes 
or chimneys, through which the drauglit rushes upwards with great 
rapidity, leaving a considerable ]iart of the charge either in a raw state 
or very imjierfectly calcined, ^\'hen the wind happens to be direct on 
to the draw-holes, scrc<‘ns or shuttei's arc needed to moderate the 
dnuight, and unless in the bands of skilful ami competent burners, lofty 
kilns arc wasteful and unsatisfactory. In any case it will 1 h' found of 
advantage to provide for the admission of air all round the base of the 
kiln and at several (lilferent levels, ami to enable the burner to control 
the air inlets by means of sliutlers or dampers. 

Tho Kudersdorf Kiln.—All writers on limes ha\e de.scribed the 
draw kilns of lludcrsdoif, which are tyjiical of many of the Contim'iital 
attempts to reduce the amount of fuel needed for calcination. The kilns 
at Kudersdorf are poij'gonal (•'i- or ('■ --ided) on plan, ami consist of a 
central shaft Vhich is (omposed of double truncated cones joined at the 
Ixises, the diametcu's of w hich vary from 7 feet at the mirrowest part, at 
the top or charging level, to lb feet at the broadest part of the hot zone, 
just above the flre-chambcrs. From this le^cl the kiln-shaft contracts as 
an inverted cone to the base, where the calcined lime is extracbsl about 
every ten or twelve hours, in (juantities of some .50 cwts. at a time. The 
fire jilaces, which are constructed in the thick hollow walls of the kiln, 
are five or .six in numbei-, and comniunii'ate with the kiln-,shaft by arched 
openings. The total height of the shaft is about 40 feet, and it is about 
10 feet from the Ixisc to the level iif the fire-chambers. Arched passages 
surround the base of the kiln, and in them oijcnings are provided through 
which to draw out the, calcined lime. The thick walls of tho kiln arc 
carrfcrl up .so to form a level jilatform at the top, to which the stone 
is raised tor charging purposes. 

The pro{)(>i'tion of fuel to buimt lime is set down at one to four. The 
^uel, which is very inferior caal, is burnt on firebrick perforated grates, and 
only the flame and products of combustion can enter the kiln-shaft. The 
aslj falls into a pit beneat!/ the fire-chamber.s, and is from time to time 
remowed by special openings provided w ith .shutters. In receat modifica¬ 
tions of the Riidensdorf kiln the fireplaces ha\ e givfti j^ace to generators 
for producer-g£^, aad the shaft is provided with a*coue or chintfie}- like a 
Portland cement kjlB, and the rawlern kilns are flrranged for a much 
largpr dutput, as much as 10 to ID tons per diem^in .some ca.ses. The coal 
cJnsumntion mav rancre from 25 to 36 per cent, of the total output. The 
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drawing takes place at regular inter^■aIs. The kiln introduce^ hy 
Fahnqjijelm ijj the^la^A'st tyj)e (»f this mode of construction. Tt^sfirt^I by 
meai|s of gas pro<Iuced in a gemuatoi-. 

Ihoi HoHinann kiln^Jias been used witli excelkmt results for lime 
burning, though of com-M‘ in tliis case theif' is an unavoidable mixing of 
the ash of the fuel wilh the linu'. Tlu' Die^tzsch kiln is als(» employed %>r 
burning lime, and in ftiany ])arts of tlu* (’ontinent it is usual to burn 
bricks and lime in the same kiln. I )escri]>tions of the abov<‘ kilns wdll 
be found in the ehapb'r <lealing uith tlie calcination of cements. 
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CHAITKI! 711. 

RETROSPECTIVE AND HISTORICAL REVIEW OF THE 
CEMENT INDUSTRY, 

CoNTKSTS. — SuHMiton’v J)iscoveri<‘s — 1*1 .let H jil 1'Api iniit‘nl.s —Cjiusc (»f Hydriiulicity 
— I'sr ot Trass and Pu//iiK»lana—Coiuposition ot Morlars —Parker's Palents— 
Pasi'y's. —Kreiicli .irnl Eiigli.-'h t^>iiiek-setlin^ Cements—H<Jseii(kile and 

AnHTiran Natural Cenienl.— Vieat’s Artitieial Cime—l^'rost’s i’aLents-Karl^' 
(.‘emeiJl Works. 

Smeaton’s Discoveries.—As sve Imve statnl in our ojMuniij,^ c]iaj>ter, 
llu* iiiM'stii-ations ui Simviton iiiHloubtodly |);lvc (1 tlio AMiy for all Mio 
Jiualerii iiJi|H’o\c*iiK‘nts in tlie treatnient of limes and eeineiits, and led tu 
tlie oN^ertlirow of theories and i>reju<lices which were as old a.s civil¬ 
isation itself. 

The di.scufcries <if Smeaton, thou^di lliey tottk place about 1750, were 
jiot j)uhlislje<l until many years later. In fact it was not until 1791 that 
he de.seiiU'd Ids exj»eniiients, in the tidrd cliapter of Book TV. t»f his 
Narrafirr of the liniUlhuj^ of flu’ E<{(hjsionc Lighthouse. 

Sme.aton tcdls us that having been tau^dit a simple methotl of analysis 
by ^Ir. Cookworlhy (to whom, by tbe-bye, we uwi* the first use of kaolin 
in this (smntrv, discovered by him in Cornwall and with winch he 
suhsecjiiently ju’oducet] tlie highlyin’ized porcelain of Plymouth and 
Biistoj), he tcstetl many varieties of lime, and soon found tliat the 
“aetjuisition of hardness under waWr ditl not depend u 2 )on the hanlness 
of the .sttme (fi-om which the lime was made), inasmuch as chalk lime 
ajipeared to he as good as that burnt from Plymouth marble, and that 
Abe»thaw lim^? was greatly sup(‘rior to eitlun* for a(iuatic buddings, 
th#ugh scarcely so bard as Plymouth marble. ’ 

Smeator^’s Practical Experiments. -Till thfs iioint Smeaton had 
^>een guided l»y th(‘ exjterience. of the jiast, for all writers on building, 
from Vitruvius to iVlidor, had maintained tins theory—viz., that lime 
buyit from dense hard stw.ie made tin; hardest rnorhir. But Smeaton’s 
practical tests u^iset all tlJe^se traditions, and he sought for s»me better 
explanation. ^ He goes on to say “ I was very desift)U#to get some light 
into some of ^le •icn^ble qualities that miglit«probabIy oc*asioii tlie 
difference, or le^,sk be a mark of distimition.” 5Ie then proceeds as 
follcpvs f— 

‘‘ Perhajxs nottung will better istiow that the qualities ofjimefor water 
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mortfir do not dej)eu<l oti hardne.s.s or colour tliaii a comparison oj the 
whiteJias of ^Someri*ctsliire (wliich, though ai>proaching to a flinty hard¬ 
ness, has yet a cfialky appcai'ance) with wliat is called near Lewes in 
iSusseXcthc climch lime; a kind of lime in great rejuite there for water 
works, and indeed deservedly so. This is no other than a species of 
chalk, not found like the lias in thin strata, hut in thick ma.sses as eliEjlk 
generally is; it is consiJei-ahly liardei- than common chalk, but yet of the 
lowest degree of what may be denominated a stony hardness; it is 
heavier than common chalk, and not near so white, inclining towards a 
yellowish ash colour. This stone when analysed is found to contain 
jiai't of its weight of yellowish clay, with a small (jiiantity of sand 
seemingly of the crystal kiml, not (juite ti-ansjiarent, but intermixed with 
red sjiots.” 

Hydraulicity Depends on Presence of Clay.—“ TIence the fitness 
of lime for water buililing s<'ems neither to dejx'nd upon the hai'dness of 
the stone, the thickness of the stratum, nor the bed or matrix in which it 
is found, nor merely on the (juantity of clay it conttiins, but, in buniing 
and falling down into a [lowder of a buir-cohnirt'd tinge, and in amUiming 
a cunaiderahk ijnanlily nf day, 1 have found all the water linie.s to agree. 
Of this kind 1 esieem the lime from Dorking in Sumy t.j Ik' : which is 
bi'ought to London under the idea of its la'ing burnt from a stone,and 
in con.scc|uenee of that, of its being stronger than the chalk lime in 
common use there; though in fact is a chalk, and not mu<-h harder 
than common chalk, it contains part of light eoloui’ed tlay of a. 
yellowish tinge.’' 

Colour not of Itself a Suffloiont Indication.- -“There is in L inca- 
shiie a lime famous for water building called Sutton lime : 1 have lately 
had an opportunity by favour of .lohn Gilbert, E-sip, to get a specimen of 
the stone in its natui'aJ state. I had long since seen it in the Duke of 
Bridgewatei's works, both in the burnt stone and slaked, made up for 
use and in the water. 1 observed that it agreed with the lias in being of 
the butf east. The stone itself is of a deep brown colour, and the piece I 
have is from a stratum about 3 inches thick, with a wdiite clayey ,joat 
on each side. The goodness of the (uality as water lipie does not, 
therefore, consist in the colour before it is burnt; for we have already 
seen blue, whitish, and now brown, to be all good for that purjmse, but 
they all agree in the colour or hue after they are burnt and quenched; 
and having analysed the Hutton limestone I find it to contain not only 
near {lart of the 'original weight of the stone, of brown or red clay, but 
also, -jb cf fine brown sand, .so that in mility I have seen no lime yet, 
proved to be good for water building, but what rp examination of the 
stone contained clay : and though f am very far fiom laying thisrdoyn as 
' See Dorking Stone lime, Api>endix E. * 
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ail qj|)solute cnterion, yet I have never found av^j limestone containing clay 
in consMcrable quantity hut u'hat ivas good for //•aigr building^ and liine.s 
of this kind all a^i’oe in one more pro])(*ity, that of lieinjj of a dead 
fronted surface on ’breaking, without much appt'arance of ^sinning 
j>articles.‘’ • 

^ Uso of Trass and Puzzuolana.—In the same spirit of painstaking 
research Smeaton experiinenti‘d witli mixtures^)! lime with trass and 
puzzuolana, wliieh subslances were known at that day to impart to fat 
limes hydraulic pr*>perties. Kor reasons, which he explains, he rejected 
the former ami employed a mixture of blue lias lime frem Wat< het and 
j»uzzu(>lana in etjual parts, as this was, he conceived, the best water 
cement that could possibly be made, lie lik('\\ise tried many other 
substances mixed with lime, such as tlm scales from a smith s forge and 
calcined iixm ore. 

The lime of AVatchet, which he had fouml to be identical with that 
of AlxTlhaw (the beds being meivly intersected by the estuary of the 
Sev(‘ni), li(* caused t(» be slaked on the spot with just sullicient water to 
enable it to fall dowii to a line p()\\der, and this slak<*d lime was then 
packed in waUu-tight casks and sent to Flymouth, wdience it was con¬ 
veyed to the ^^ldd 3 ’stone rock foj* use as re(|uired. 

The Varieties of Mortars used by Smeaton.— Smeaton gives an 
inter(‘’'ting table showing tlie composition of the various kinds of mortar 
he ('mployc<l, as also tin* cost <)f each :— 



N.-inic of Uu‘ Moftni’. 

Will 

hI 

Siiikt'd 

liriiu 

'lu'Rter liuhlu'ia by 

tkeij iiieustii-e of 

PU/.7U- ' eomnimi 
olHita I SaiMl. 
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cnbii* 
fed. 

EX|>01I8U 
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1 

Eddystoiio mortar, 

o 



2-.32 

8. (I. 

3 8 

a 

Stone mortar, 

2ii(-l sort, 

2 

1 

1 

2-68 

2 U 


2 

1 

2 

3'57 

1 7i 

i 

Face in«tar, 

2 

1 

3 

4li7 

,14 

•5 

,, 2nd sort,. 

hacking mortar, . . 

2 

i 

3 

4-17 

1 1 

6 

2 


. 3 

4-04 

0 u 


* iSmeaton is said by General Pasley * in his well-known work, to 
which we sliall often ref^r, to have been the first English engineer to 
use pijzzuolana, which he road of in the works of Pelidor, but^or want of 
chemical knowledge Smeaton failed to appreciate Hie ^ull significance of 
the facts that fte Igid wbsei'ved. ^ ^ 

Parker’s ^Patenf in 1791.—Within a^very few years of the publica- 

on LiniM, Caicareous CemeniSy ^'lortar^, UlnccoSf and Concrete. . . . 
By C. W. Tasley, C.B. London, IHUg. Svo. 
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tion (if Sjneaton’n work find the record of Parker’s in\eiition o^the 
cement made^frora certain .stones or argillaceous produeticffi.s.” •His 
name, indeed, first ajiijcars in the “Patent Library Index” in 1791, 
when .Ijmes Parker, of Christ Cliurch, in the County of Surrey, claims, 
ill Patent No. 1,806, the'sole right to eiu]iioy “a certiiin niatei'ial never 
hcifore made use of” for “burning bricks and tile.s, and calcining chaljc, 
earth, stone, and limestone.” This lie discloses in his specification to lie 
“peat or bog,” which was to be interstratified in the kiln with the 
material to be calcined. As an indication of the quantity needed, he 
states; “as, for instance, if it I’cquires .16 bushels of ciail to burn 220 
bushels of lime, the same may be burnt or calcined with 220 bushels of 
peat with the addition of i! bushels of coals. ” 

Parker’s Second. Patent for Cement.—We cannot say with cer¬ 
tainty, though it .seems jirobablc, that this was the .same .lames Parker 
who on 2.Stb .Tune, 1766, claims, in Patent No. 2,120, the iniention of 
“xV certain Cement or Terras [trass] to be Cseil in Aquatic and other 
Buildings, and iSlucco Tt'ork." He descrilies his process as follows:— 
“’The principle and nature of the said Tnvention eon.si.sts in reducing to 
powder certain .stones or argillaceous productions, called noddles (sir) of 
clay, and using that powder with water so as to form a water (mortar !) 
or cement stronger and harder than any mortar or cement now prepared 
by artificial means. T do not know of any precise generical term for 
the.se noddles of clay ; but 1 mea.n them certain stones of clay or 
concretions of clay, containing wins of calcareous matter, haring fre- , 
quently but not always water in the centre, the carity of which is 
covered with small crystals of the above cxilcarcous matter, and the 
noddles agreeing very noiiiTy in colom- with the colour of the bed of 
clay in or near which they are found. 'I’hese noddles, on being burnt 
with a heat stronger than that u.scd tor burning lime, generally assume 
a brown api>earance and are a little softened, and when so burnt and 
softened Imcome warm (but do not slack) by having water thrown upon 

them, and being reduced to piowder after burning, and being mixevHvitli 
water just sulficieut to make them into a jiaste, become indurated >an 
water in the space of'an hour, or theradvouts. Any argill^iceous .stone, 

then, corresponding with this vlescription, w hether known by the name o^ 

noddles of clay, or an}' other name, is the sort and kind only that I mean 
to appropriate to my own u-e in the fermentation (formation '!) of ,my 
cement.” >■ «. 

The PreparaOioA of the Cement.—“ The manner in which I pre- 
pare-and (compose this-cement is as follows, viz.':—The* stones of clay 
or noddles of clay ifre first, broken into small fragmentK, then burnt 
in a kiln 'or furnace (as lime is commonly burnt) with a heat' ne^irly 
sufllcieut to yitrify them, then reduce'! to a powder by any inechah- 
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ftal or other operation, am) the powder .so obtained is the Irnsis ofc the 
cement.” » 

Mode of Using the Cement.—“ To compose th’e cemtlit in tlfo best ■ 
and mo.Ht advantageoas luanner, 1 take two measures of water and* five 
measures of the powd<T tlms^deserihed; tlien t add tlfe powdei*to the 
water, oi- the water to tlie powdm-, taking care to stir and beat them 
during tlie wliole time' of intermixture; th(“ eeiijeiit i.s then made, ami 
will .set or beesane indurated either in ten or twent}’ minutes aftt'r the 
operation has ceased, either in oi' out of water. 

“ But although I have deserihed nhat I eonsider as the best ju'opor- 
tions for tlie composition of the cement, it is exiuessly to be understoiKl 
that thc.se and all other proportions are lo be ineluded within the 
meaning and purpiose of this sjieeilication, but that no other ju'oportions 
will produce so sti'ong a cement in .so short a time as tho.si' T have 
here pointed out; and also that I oeeasioiially burn, and grind, and 
mix the powder before describi'd with lime and stones, clay, sand, 
or calciiu'd eartli in such proportions as may be necessary and useful 
for the purpose that the cement is intended lo bi‘ ai>plie<l to, alwaj’s 
oilserving tlio less water is useil the better, and the sooner the mortar 
or cement is jused after being made the stronger and the more durable 
it*w'ill be." 

Parker’s Cement termed Homan Cement.—In the alxive [latent 
Parker is described as of “Nortbtleet, in the County of Kent, genth'inan.” 
Accoriling to I’asli'y it was not until some j e.ars later that he ap]>lied to 
the new material the misleading name of “ Homan ” cement. He shortly 
afterwarils traded in jiartnersliiji with Mr. AVyatt, and u.seil the stone.s 
found at iSheppey in the manufacture of the cement, which soon became 
widely known under the name of “Parker's cement.” A certain Mr. 
Samuel Wyatt had |)reviously ac(|uired exiierience in tin' u.se of materials 
for stucco, and bis name is freijuontly mentioned by Hr. Higgins in 
his work on Cements.* 

Oerivation of the Septaria.—The “pebbles” useil for cement making 
wgj-e obtained at various [ilaces on the Kentish coast, those from ilinsfer 
Manor and Whitstablo being aji^irently in the bet^' repute. It was not 
until very much later that Frost nnwle use of the llai'wieh dredged stone, 
after which time it was customary to employ a mixture of Harwich and 
Sheppey stones in equal proportions to jiroduce the best Homan cement, 
thoug^) Pasley tells us that about 1830, in the Government dockyai-d at 
Sheerness, they u.sed one part of Sheppey to thrge jiarts of Harwich 
cement .stone. *Tl)f rnukers of artificial ccineiits^ about this j^eriod sold 

* Experiments and^O^strvaiionn madt mth the^'itn' of ifnproniKj fhe art of Com- 
pofiir^ mid apj^yimj Ca}cartOHs . by Brindley Higgins, M.D. 

London, 1780. ftvo. * 
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the eenient made from Natural stone at a much higher price than tliai 
made from a mixture of clialk ami clay. » 

Pasley’s ^ests of Cements in 1836.—The following table compiled 
from* I’asley’.s book is valuable as showing the coiirpaiutive merits of the 
chief cements' in' use at' the time he wrote [1836]. All the .specimens 
were tested neat: — 


Soi-t 0/ Ccnicut u.scd. 


Pasley’s artificial cement, . 
Prost’a ,, ,, 

Francis (^iatural), ,, 

ShccrnoH.'t ,, ,, 


A^re in Days. 

Total Tt'iisik' .stiviip:tJi 
in Founds. 

strength in 
ht»8. per 

S<|. In. 

11 

1.395 

.•!4!) 

11 

705 

17(i 

n 

1,223 

30-6 

{ 1 ^} 

1,220 

30-5 


French Quick-Setting Cements.—Tlie (luick-setting ccinonts of tlie 
Konian type, made in m'ordancc with Parkei’s jiatent, had tlieir amnter- 
part in France, for ahoiii 171)0 a French military t'ligineer, named Jjcsage, 
drew attention to tlie eminently hydraulic properties of the j)ebbloH of 
Boulogue-sur-Mer, and from these he produced a material wlihdi he called 
“plaster-cement,” tliough this substance was quite distinct from the 
compounds of the calcium sulphate seji(‘s. 

Another (julck-setting cement, wlii^h obtained a wid(< rej^uUition on 
the Continent, was that of Pouilly, discovereil by Moiis. Lacordaire in 
1829. Four years later, in 1831, ^kuis. H. Garicl fii*st introduced the 
well-known cement of V^assy. Another cement of a similar charac ter, 
which has lx*en much used in France, is made from stone dug near 
Grenoble at JWte-d(‘-France. 

Analyses of French and English Cements.—The composition of 
all these materials is very similar, as will be seen by tlie following set of 
analyses, made in Paris, at the Ecole des Mines:— 
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loss oncalcination 1 moisture, 
and carbonic acid, . 
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pie Vfi.ssy cement, wliich is very dark in c(^oiir, is the ricliest ii* iron 
oxi<\e, anot sets when freshly buriusl with ‘(reat rapi^lity. The cement of 
Grenoble is very similar in its composition to the above, but contains 
rather less clay. Tn* France, the <|uick-settin^ c<uiit*nts are, as^a*rule, 
ground under edge-runners, rikI passed tlirough^*(>pj>er wire sieves of 324 
nieshes ]a'r s<piare centimetre (2,01*0 per si|uare inch). The average 
specific gravity of these cements varies from 0-0(>#t.o I’lO. 

Magnesium Cements of America. — of the so-called natural 
cements of Americ/i, wliich, before tlie introductitm of tlie manufacture 
of Fortland c<‘inent, liad olitained sucli a wide-s]>read employment in 
c\ ery kind of engineering work in that cf>untry, many partake somewhat 
of the nature of Homan eeiiient, and may he mainly considered, according 
to one of the most recent -Vnu'rican wri((‘rs on this subject - Guminings* 
- -under t wo heads, as double silicates, or triple silieab's. The former 
class includes all rock c<‘uients c<tiiiposed of hisilicab's of lime and 
alumina, and the latter the trisilicates of lime, magiuvsia, and alumina. 
It is slal<‘d that in ISD-t tlu* annual ]>roduction of Ami‘ri<-aii r«K.'k eements 
nniounted to 7,590,070 hari'cls, and tlie j)roj)nrticuis of these two classes 
were as follows : — 

I. I’lsilicates, - • . 2.r)r)7,404 IhutcIs. 

•J. TrisiliciUes, .... „ 

It must h(‘ understotxl that the aho\e classification is somewliat 
arbitraiy, as many of the so-called hisilicates will he found to include a 
small percentage of tri]fie and also of a single silicate. Tlie jaisitioii of a 
cement in the alnive classification d<'pends theixfoi’e on the ijarticulai* 
form of silicates indicated by its ju-cdominance. The hisilicates are, as a 
rule, of the Portland cement ty]K‘, and are frecjinuitly calcined at a white 
lieat; the trisilicates are fired at a lower tem|»crature, and are more of 
the nature t»f Homan < ement. As a. type of the trisiliwiUi cements, we 
may tlescrilx^ the famous Hosendale cement, named after the t()wn of 
Rosondale, wlxerc it was originally discoNcrt^fl, and largely used in the 
conj^ruction o^the ohl J.)(*lawai{' and Hudson canal. 

• Raw Materials for American Cements.—The formation* which 
furnishes raw materials for tihis eeinent is an jfrgillaeeous magnesian 
Jiinestone, which extends along the wlioie of tlie Appalachian range, and 
was said to yield fonnerly tliree-fourths of the hytlraulic cement produced 
in^the United States, 'lie workable IhhIs are seventeen in number, and 
the method of manufacture is as follow s :— • 

The limestone, which is blastt'd by black powdir, ih conveyed to the 
kilns on truckji mnnfng along the base of tha quarry. Tl^e stone is 
arninged in tt^ kilyvin layei's interstratifiwl with .<anan coal. The kiln.s 
are^yWndncaJ in form, but have a conJeftl contraction at the bottom. 

* Americnji Cements, hy Wriah Cummings. lioston. 16^8. 
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Theyoarc worked continW)U.sly, portioas of the charge being withdraw! 
every twelve hours. ^ The underhurnt lumps are pas.sed a .second Jimt 
througli the kiln ; the fully calcined stone is eon%eyed in elevators to the 
top eff the mill. Here it is first broken to a .small gauge (size of hazel¬ 
nut) in a cradk(u', whielf is a maeliine soiiietthat on the jirinciple of the 
coffee-mill. Each cracker will prepare from 250 to 200 l3arrel.s of cement 
/«)• di.e,m for the mills. , 

Grinding of the Calcined Cement.—The mill-stones are only 3 feet 
in diameter, but they gi'ind the ceim-nt so fine that from 93 to 95 jier 
cent, will pass a .50 x 50 mesh sieve. These mills differ from tho.se in use 
in this country for cement-grinding, in that what is termed in England 
the “runner” or the u]iper stone is fixed and the lower one revoh'es. 
The gi’ound cement is eoincyed by “creepers” to the Jiaeking romn, 
where it is j)ut up in paper-lined casks and is then ready foi’ use. 

Yield and Composition of the Beds.—hlaeh cubic yar<l of cement 
stone yields about 2,700 lbs. of finished cement. The various be<i.s of 
stone fluctuate vei'y considerably in tln'ir comjiosition, and the prepaiu- 
tion of the cement and the mixture of the raw materials from the 
different levels is a matter of great nicety. During the manufacture 
the cement is caivfully tested ; four binjuettes being mack* every hour. 
The pattern used for the moulds (lifters from chat in common u.se !n 
Europe. 

General Gillmore’s Tests.—G<*iiieral Gillmore, whose; work on 
cements* maybe consulted with advantage resjeeeting the manufacture 
and emjdoyment of these materials, puts the crushing strength of the neat 
cement at 516 lbs. pei' sipiare inch in .seven days, and 2,015 lh.s. per 
.s(]uare inch in thirty days. The tensile strength of the neat cement is 
104 lbs. i>er si]uaro inch in seven days, and 134 lbs. per st)uare inch in 
thirty days. With an equal amount of sand the tensile strength in thirty 
day.s is 102 lbs. ]ier scjuare inch. 

Louisville Cement.—Cement rock was discovered at Louisville, 
Kentucky, in the year 1S29, .and, having been used for the Louisvill* and 
Portlaild Canal, it was found to he of good quality. This'district, owjng 
to the conveuiem* of transport affordfd by the Ohio River, .speedily 
became the centre of an important industry, .second oidy to that of the 
Bosendale di.strict. The Louisville cement contains less magnesia <5ian 
the Bosendale, for while the magnesia in the former may average from 
9 to 10 pei; cent, the magnesia found in the Bosendale cement maj; reach 
as much a« 13 pw cant. The stone from which the cement is made is 
peculiar ty a small arcyr, only a few miles wide, exteydii^ north of the 
Ohio Biver about 15 .miles. ,Ko admixture of vurioji.s strata is necessary 

* Judical Treatiat on Limn, 'Hydraulic Cements, and Mortar^ by Q.'A.sliill- 
more, A.M. N^w York, 1874. 
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m leaking this ci'iiK'iit, the formation l)eing •uniform in all csMiiitiul 
chai%ctoriatir.s. 'I'lio stoiu', much of which is mined^ in open ipuirries, is 
broken into pieces of three uniform sizes by crushers ainf fetl into the 
kilns, w'hich are 4o fe,'t high and 1(1 feet in diameter. These kiln^ are 
constructod of iron, lined wiUi firebrick ; the is*btfriit with eual 

loaded into the kiln in alternate* layers with the stone. Tlie firinii ojiera- 
tion.s ari continuous, and the kilns, \Nhieh art^li^dite<l in the sjn’ini;, 
are only extinijiiislied when tlu* ojK*rations cease for th<‘ wintoi’. Tlie 
calcined stone is witlidruwii from oj)eninifs near tl)e base of the kiln 
and fed into tl)e coarse crush(‘rs, and all iin])erf(*etly burned nuiterial 
is picked out h)' hand. J’rom tin* eojirse erushers the stoiu* pa.ss(‘s into 
the fiiK crusliers, and it is ultimately j^round to jvowder between <‘merv 
luill-stemes. 

Kxtensive works for the production of rock ceiuent exist also at 
JVIilwaukee, TlulValo, J^a Sall(‘, I'Uca, Akron, at \arious parts of tlie 
Lehi^di Vn.lh*y, and in (leHruia. 

Wliile certain of tlie ren-k ce^numts arc calcined at a relati\ely low 
teinpeifitiire, otiiers are buj-nt at a heat \\bi<‘h approaela*s that reejuired 
to j)ro<lue<‘ Portland cement clinker, i i d the colour varies b(‘tweeii\ery 
wide limits. • 

•Natural Cements now hold in less esteem in America.—Owin*; 
to tlie j,M-eat impetus j^dven in recent years t<» the manufaetun* of INu-tland 
cement in the Tbiited States, the ju'oduetum of natural cements would 
aj»}K‘ar to have fallen otV. "We have* di‘alt with the analysis of tlie Ameri¬ 
can natural cements at. p. o:! 

Early Cement Patents in England.—Tiie rceoi-ds of tlie Patent 
Ofhee of this country .sho\\ us that prior to the advent of J^irker some 
ei<!;hte<‘n inventors had busied themselves witli proces.scs for burning lime, 
for the inanufaeture of “tarrass" or pu;'zuo]ana, f<jr a composition or 
cement eJLlle<l “ I’ietra C'utbi," and for sundry ilescrijitions of niastie, 
mortar, and stucco. Among these we find tiie “ water eenu‘nt or .stucco” 
deseriiied in the work already mentioiie<l of Dr. Ji. Higgins. This patent 
is 1,207, and is dated Jan. 1777. * 

From the date of Parker's s^tcond pab'ut in 1?9G to that cif James 
Fros t's spociheation in 1822, tht* J’abmt liid<*x likewise includes eighteen 
pSeiits, one of tlie iiio.st notable of which was that granted to tSt. Leger 
in 1818. * ^ 

St.,Leger’s Patent in 1818.—St. Leger was probably l^ie coiiees- 
sionaire of Vicat, a French engineer, wlmse experiments with limes and 
cements are jushy ^nu^s, and his work may beie,reeei ve passj^g notice. 
Omitting the investig*itions of Loriot, publijted in 1774, of De Ia Faye, 
said ^ have beln made known in 1777, antl.the artificial stone of Fleuret, 
described in Ins book dated 180^, all of wdiich are duly^ recorded by 
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Paslpy, we eoine to tlie publication of Vicat in 1818.* It will be impo.s- 
sible heic to do inoj'c than refer most briefly to bis treatise,dijut a} his 
later work in' lS2Ht has been ably translatcal by Captain -Sniith, and as 
General Pasley alludes at considerable length to hi.s in^•<'stif|;ations in the 
apjamdix to his “ Obsei .ations on Liine,«Calcareous Cements, ,tc.,” we 
need not dwell on tlaun very fully. 

Vicat’s Artificial Lime.—Vicat, who appf'ars to have la-en th<‘ first 
to ajiply th(! term “ hydraulic ” to limes foi- use in wah'r, jirepared mix¬ 
tures of ]iure liim^ and clay, and calcined the ix'sultino material in kilns. 
He em])loyed, oi-ioinally, slaked lime ]>owder lot'ctber with 20 per cent, 
of clay, but in bis second treatise he descril>es a pilan of grinding chalk 
along with the re<|uisite ])roj>()rti(m of clay. Ilis process was actually 
carried tnit at Meudon by Messrs. .Itryan and St. Leger, who used the. 
chalk found in the vicinity, and the jdastic clay of Vaugirard. 'They 
ground togetln'r in a washmili foui' measures of chalk and one of clay 
with a considerable i(uantity of water, and the fluid .slip was then run 
into re.servoirs to (b y. W hen still’ enough the pasty mass was moulded 
into blocks and burnt in kilns, interstratified with small coal and coke. 
'I'bis plan of making an artificial lime was still practised at Meudon when 
one of the authors visited the works in 1878. 

Vicat shares with Dr. .lohn of Berlin the honour of having explained 
the imjHU'tance t>f the presence of clay in cond)ination with lime on 
scientitie gri>und.s, thongh De Saussut* first pointed out that hydraulicity 
dcpeinled solely on the pres('nc,e of clay, and Divscotils in 1813 observed 
that this phenomenon wius due to the existence of a large (luantity of 
siliceous matter disseminated through the mass in very fine particles. 
Dr. .lohn’s treati.se was publi.shed in 1818. Smeaton, as we have stated, 
anticijiated by many yeai's the.se di.scoveries, though he failed to turn 
them to priu'tical account. 

Specification of St. Leger’s Patent.—Doubtless it was a process 
. similar to the above wdiich was, as we have seen, pvtented in this country 
in 1818 (No. 4,262). M. hlaurice St. Leger describes him.self ia the 
speeifioition as of St. Giles, CamlHU'well, in tbe County of Surrey. Xhe 
patent is for “an improved method of leaking lime” out of a fat or pure 
carlionate of lime by the addition to the .same of “ clay or any substance 
containing alumine and silex.’’ The general priiportion named by*?t. 
Leger is “from 1 to 20 measures, or given nuantities of clay or other 
substimce (Containing alumine and .silex, to every 100 measures ov given 

7 /tcc/it/T/e x AV^rinu nlnk« nitr hi Chatix de Constriicthti, fletons et les Moriiers 

Oi'diiiaires, par L. .1. Vicat. Paris, 1818. 4to. 

+ ResHijie des cmiiiaissutires posilb'ca actiielhs snr hs qiudtties, test.'hoix et la coarea- 
at[cc t'hiftroqite des niat&niqxproprts d lafaltrkatian des Moriiers eUCimetits CakxtireSt 
" /fc., par L. J. .yicat. Paris, 1828. 
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Froft cstabli.slit'fl hiinst^f in cement works at Swanscomiic, on, the 
'J'hamcs, anil heeame tlio first maker of artificial cement in the London 
district. Frosts hiisiness was carried on hy him until 1S32 or 1S33, 
when l is interest was ac(|nired by .Mr. .John liazley \Vhit<‘, .Senr, who at 
first was the jiartnci- of Mr. Finncis. I’asley tells us that "Messsrs. 
kranci.s, White A' Francis “were in the liahil of selliii!; their artificml 
cement at one shillini;Jper bushel at the same time that they sold their 
natural cement for eiithteenticnce. ' 

-Mr. Frost, when he had disjio.sed of his Imsiness, retired to America, 
and we lan find no further records of liis cai'eer. His wmrks were carried 
on by .Messrs. Francis A* W bite in jiai-tnershiji until January Ist, 1837, 
when they were made over entirely to Messrs. White* A’ .‘^on, who liad 
also works at .Millhank. Mr. I'rancis, who traded as Messrs. Francis tk 
Sons, founded the well known works at Nine Elms, Vauxhall. 

In strict historical sei|uencc we should before this liavi' referred U> 
Aspdin and his iinanition of I’oi'tland cement, hut this may form the 
subject of a sjiecial chapter. 
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CjiAPTKH IV. 

THE EARLY DAYS OF PORTLAND CEMENT, 

CoNTKNTs.—Portland ('eniont lirst made* l'\ Asj)diii- His Specilioatinu f<ir CVment— 
CVinonts made from Arldioial Mixfuies -Roman and <^>niek-SoltmgCements— 
1‘asley's Kxpenment^—leaker's Ac<'(nuit of Poiiland Cement—.7. M. Mamie, 
Son A Company’s Ciuular—Earlv t>f Portkuid (Viiienl Use of Portland 

(Jement in Thames Tunnel - Asjalm’s C'lreular ■ E\j»eiiments at Exliihilion of 
ISol -Johnson's Experiments. 

Portland Cement first made by Aspdin.—Tin* jiiisleatliiiig 

name of “Portland’’ eenient was gi\(‘n to tin* artifieia] coinpound of lime 
and elay, pivparcd by Mr. Josopli Aspdin, a Leeds hrieklayt‘i*. lie chose 
this naim* in consequence of its fancied ri'senddance in point of colour 
and textun* to the oolitic liniestcnie <>f ih* island of Portland, well know n 
and in i(r(‘at favour in this country as a huildino stone. 

Aspdin’s Specification.—Aspdin's specification, No. 5,0--, is dated 
October l^lst, ]>'24, and is for “An Jmjiroviunent in the Modes of 
Produciiiii aji Artificial Stone,’ which iinention he thus describes:— 

, “ My niotho«l of niakin;; a ceiiKuit or artdicial stone for stuccoing' 
biiildinj^% water works, cisterns, or any oth(*r purpo.se to which it may 
1 h‘ ajiplicablc (and whicli I call Portland cement) is as follow s :- - T take a 
sjiecitic (piantity of linu‘stone, such as that i^eiicrally used for inakin;^ or 
rej'ainiig^ roads, afUT it is reduced to a jiiiddle or powder; but if 1 cannot 
prociii-e a sutHcient ijiiantity of the abo\'e from tlui roads, 1 obtain the 
limestone itself and I cause tin* jjiiddle or powder, or the limestone as the 
cahO may be, to Ix' ealeiiieil. 1 then take a sjieeilic <|uantity of ai'gillaceous 
eartitor ehiy, ^inl mix them with water to a stiite approaching inijMiIpa- 
hilit}', eitiier by manuel (sic) labour or machinery. After thi.s proccaaliiif' 
I put tlie a(^ove mixture into a*.slip pan for evajforation, either by the 
hjat of the .sun or by submitting it to thc^ action of fire or steam conveyed 
in flues or pipes unijer or near the jian, until the water is entirely 
eviyiorated. Then I brejk the said mixture into suitable lumps, and 
calcine, them in a furnace similar to a lime kiln till the carb(«iic acid is 
entirely expelled. The mixture so calcined is to*lx!»ground, beat, or 
rolled to a fine po,i'def, and is then in a fit stat* for making^enient or 
artificial stone. Tly^ .powder is to be mixed.with aTmfticient quantity of 
watar t» briiif^it into the consistency of nyirtar^and thus applied to the 
pfli-poses wanted. ' 
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Aspdin’a Second Patent.— A.spdin, wliosc naim-, hy-tlie-l)ye, ip the 
“ AlphaiK'tical liidyx of Patentees” i.s niisspelle<l “Ap.sdin;'’ obtained 
protection in the foilowitii; yciii-, 1S2.'), under date of .)une 7th (No. 
5,180)^,for “a Method of .Makiiif,' Lime.” In order to eft'eet this, he 
colIe<-ted tlie road seraj>fnc:s from roads repaired with lime.stone ; tl]e.se he 
dried, either by natural or artitieial heat, and they were siibsecmenyy 
“removed to a ftirniu's or kiln to burn with eoal, coke, or wood,” The 
product was then ready either for “buildin^^ oi’ limine laml.” 

Aspdin’s Process differs from that used subsequently.—it is 
difficult to ivcoonise in this deseiijition a jU’ocess likely to result in the 
formation of a cement of the present Poitland type ft must be remem¬ 
bered, howevei', th.at Asjidin had a hard mountain lime.stone to deal 
with, and that jirobahly the most easy way to obtain this material in a 
state of fine subdivision, in order to ini.v it with the clay, was to calcine 
it. It could then j'eadily be slaked and reduced to powder. The iie.xt 
step was to ti'inper it with the rei|uisite .amount of clay, and linally the 
mixture was submitted to a second process of calcination. This double-, 
kilnino would, where fuel was relatii'ely chea]), entail but little more cost 
and perhaps less labour than first f;rindino the limestone to tine powder 
under mill-stones and then mixiiif; it with the clay, as is now done in the 
dry ]ir(H:es.s of manufiu'tni'ing Portland cement. Jloi'eovei’, by the slaking; 
action, the lime is obtained in an extremely tine stale of subdivision, and 
therefore in a condition peculiarly wi'll^daiited for intimati' admixture 
with the clay. ^ 

Befects in Aspdin’s Specification.—Aspdin fails to point out the 
exact amount of clay needed—rather an important matter in a sjiecifica- 
tion, oni! would think—and he omits to state that the firing must be 
carried on until incipient vitrification is .attained. These omission.^ 
might hy some be regarded as easting doubts upon the authenticity of 
his discovery of Portland cement in 1824, but it is a well-known fiict that 
he luul a manufactory of Portland cement for many years at Wakefield 
which was established in 182.7, and which is still in e.xistcnce tJiough no 
longer on the original site. iMoi'eo\er, his son, William A.spdin, was, 
as we shall see, one, of the early cemiiit m.amifacturers in the Thames 
district. 

Proposals to make Cements fVom Artificial Mixtures, 
searching the Patent Ofiice records it is found (as wo have already 
mentiouejl) that other inventors had attempted to piroduce cements from 
mixtures of linv^ a-nl clay, and Pasley has, in his important work on 
comejits, previou.sly noticed, recorded a long scries di patient inves¬ 
tigations and exj)crinient^, having for their .object the formation 
of an artificial cement capable of giving like results ttj those n)b(aine<l 
from ■ the natural cements, made from the sentaria of the Loudon 
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— j, And the nodules of argillaceous limestones found in the IslS of 
ShepJ)ey. * 

Boman and Quick-setting Cements.—In our previous chapter we 
have given a brief account of these materials, and of the aitificial 
hydraulic lime of Meudon, the*invention of Vicaf. Cements of this type 
wye, in the early years of the nineteenth century, in very general use in 
this country, and many attempts were made by»inventors to obtain a 
cheaper source of supply. It was clearly the .search after such substitutes 
for the natural cement stone which ]e<l to the discovery of Portland 
cement, and though this latter material has now very largely displaced 
the quick-setting cements of former days, there are no doubt many 
purposes for which Roman cement can bo used with advantage, and this 
cement is still in frequent demand. 

Early History of Portland Cement by Pasley.—We know but 
little of the early history of Portland cement. General Pasley, in the 

preface of the second edition of his work, dated August, 1817, states;_ 

,“At present there are three manufactories of artificial cements in Eng¬ 
land, which have all been u.sed more or less extensively in works of 
importance, and have given satisfaction, ”iz.First, that of Messrs. John 
B. Wliite ik Sons, in the Parish of Swanscombe, Kent, the present pro¬ 
prietors of Mr. Frost’s Works, who, after gradually relinqui.shing the 
objectionable parts of his process, have succeeded in making a good 
artificial cement, wdiich they call their Portland cement, by a mixture of 
,chalk found on their own premises with the blue clay of the Medway; 
secondly, that of Messrs. Evans tk Nicholson, of Manchester, who make 
an artificial cement, wdiich has been called the patent litbic cement, with 
the verj’ same ingredients, and in the same proportions, nearly, that were 
usctl in the author’s experiments, but the most important of which is 
obtained in a roundabout manner from the residual matters or waste of 
certain chemical works, instead of working with natural substances; 
thirdly, that of Mr. Richard Greaves, of Stratford-upon-Avon, who makes 
a powerful walj^r cement, which he calls blue lias cement, by mixing a 
proportion of indurated clay or shale with the excellent blue lias Ume of 
that neighbo;jrhood, both of whidh are found in till) same quarries; the 
former being previously broken and ground, and the latter burned and 
slaked, which is absolutely necessary in making an artificial cement from 
s-ny^of the hard limestones,” 

Pasley’s Letter to Dr. Garthe.—This account of the.Portland 
cement industry was, however, incorrect, for we find In a letter published 
in Dingler’s PolyteahniJ'ches Journal* w ritten by Pasley to Dr. JJarthe of 
Cologne, and dated ^T-.rch 3rd, 1852, the foll.wing additional information 
on the Subject I am much flattered b'^the favourable opinion you 
* Vol aixiv., p. 27. 
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expitss concerning my Work on cement. As shortly after my promotion 
to the rank of MajQ>--General I ceased to occupy the post of IftspecWr of 
the Iloyal Engineers’ School at Chatham, and had, therefore, neither 
assistants, materials, nor appliances at my disposal!, I was no longer in 
the position to prosecute' researches of a siciilai' nature to those formerly 
carried on by me, and which resulted in the discovery of an artiflcij.1 
compound but little infeior to the best natural cements. 

“ For several years past I paid no further attention to the subject 
until I learned that Portland cement was superior to Boman cement; 
and as it is the fashion in our country to disguise everything with some 
fantastic name or other, which, except in the ease of chemical products, 
gives not the slightest clue txj the composition of the article in question, 
I was astonished to discover that this Portland cement, the name of 
which would lead the foreigners visiting our great Industrial Exhibition 
of last year to believe very naturally, either that it was a cement found 
in the island of Portland, or that it was related in some way or other to 
Portland stone, was neither more nor less than my own artificial cement, 
compounded of chalk and clay. 

“ Messrs. Robins, Aspdin & Company manufacture Portland cement 
which appears to me to W just as good as, if not superior to, that of 
Messrs. White ifc Sons, although T never hearil of it until I met Mr. 
Aspdin in the great Exliibition last yeai’. I was present at all the 
experiments upon Portland cement meij^oned in Tite BuUder of the 27th 
September last. The results of the siime are correctly reported, but 
.several of them are rendered ambiguous for want of more complete par¬ 
ticulars or of the explanatory drawings relating to them.” 

Becker’s Book on Portland Cement in 1863.—In a German work 
on Portland cement by Becker,* in which this letter is quoted, and 
which, we believe, was the first treatise in any language on this material, 
there is a footnote calling attention to the singular fact that “ although 
Joseph Aspdin, the inventor and patentee of Portland cement, established 
his manufactory at Wakefield in 1826, and his .son, 'William Aspdin, 
foundetl his works at Northflcct, on the Thames, about 10 miles fipm 
Chatham, a few year.? later, at which 1 itter place Sir C. W. Pasley was 
then residing, and although their Portland cement was already much 
employed on the Continent, as introduced in the first instance by Matlde 
& Son, and subsequently by Robins, Aspdin <fc Company, whereas the 
cement of Messrs. White & Sons w-as not brought into the market until 
many years later fin d845). Sir Charles Pasley only heard for the first 
time af the existence o^ Joseph Aspdin, the inventor ^f Portland cement, 
and of his manufactory [at Wakefield] in the great [Exhibition of 1851.” 

Aspdiir, the Younger. —Mr. Becker is, however, nq^ quita oofreot 
Er/ahrungen ttbtr den Portland Cement, Berlin, 1853. 8vo. 
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in his facts, for young Aspdin did not go to Northfleet until 1848>. It 
appsars that he at first associated himself with Mes^-s. J. M. Mau(^e, Son 
& Company, of Upper Ordnance Wharf, Kotherhithe, and from a circular 
issued by this firm m 1843 we learn the following particulars r^pecting 
their business, and relative tosthe cement indusfl-y at thatflate:— 

^ Circular by J. M. Maude, Son & Company.—“ The manufacture 
of this cement (patent Portland cement) has for^any years been caixied 
on by Mr. Aspdin at Wakefield, in which neighbourhood, as throughout 
the northern counties of England, it has been successfully and extensively 
used; owing to the hetivy chai'ges attending its conveyance to the Ijondon 
market its consumption there has necessarily been limited, and although 
its superiority over other cements has never been contested by those who 
have been induced to give it a trial, the high price at which alone it 
could be supplied has hitherto proved a serious impediment to its more 
general introfluction into the metropolis. Ab'ssrs. J. M. Maude, Son & 
Company have now the s.atisfactiou of announcing to the public that they 
liav(“ made arrangerneiits with the son of the patentee for the purpo.se of 
carrying on the manufacture of this valuable cement at their extensive^ 
premises at Rotherhithe ; and whilst they will thus be enabled to supply 
it at a considerably reduced price, they have also the satisfaction of 
stilting that in consequence of improvements introduced in the manu¬ 
facture, it will bo found, for the following reasons, infinitely superior to 
any cement that has hitherto been offered to the public;— 

“(1) Its colour so closely resembles that of the stone from which it 
derives its name as .scarcely to be distinguishable from it. 

“(2) It requires neitlier painting nor colouring, is not subject to 
atmospheric influences, and will not, like other cements, vegetate, oxy- 
datc', or turn green, but will retain its original colour of Portland stone 
in all sea.sons and in all climates. 

“ (3) It is stronger in its cementitive qualities, harder, more durable, 
and will take mori! .sand than any other cement now used.” 

After alluding to its value as a stucco and for paving purposes, the 
ciriiular .states—“It is manufactured of two qualities, and sold in casks 
of 5 bushels^ each weighing about 4 J cwts.—No. i at 3s. per bushel, or 
20s. per cask, and No. 2 at 2s. 3d. per bushel, or 16s. 3d. per cask. 
ts. 6d. each allowed for the casks, if returned in good condition.” Prom 
the^ directions for its use we learn that the best quality was to be 
employed with four pai-ts of sand. , 

Early Testa of Portland Cement.—Certain pnrtiaulars are likewise 
given of some «)njpartitive trials of this Portlaijd cement w^h Roman 
cement, which were conducted by Me.ssrs.,Gris.sell & Peto at the new 
Hoives«of Parjjfament in 1843, together with a letter from these eminent 
contractors, dated from York Iload, Lambeth, 13th November, 1843, 
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setting forth the fact that the experiments in question, wliicij consisted 
of bricks stuck one fn to another projecting from a wall, and of h^ick 
beams with bearings of 3 and of 5 feet, were made by their direction and 
under their own superintendence, and they add—“'The results as shown 
by the above statement Afford very satisfactory evidence of the superior 
qualities of your cement.” They conclude that Portland with three parts 
of sand was more than double the strength of Roman cement with one part 
of sand, and that with Roman at Is. 4d. .and Portland at 2s. 3d. the bushel 
there was a saving of from lid. to 2d. per bushel of mortar in using Port¬ 
land, owing to the increased volume of sand this latter cement would carry. 

Wylson on Portland Cement.—It was just about this period that 
Portland began to make a London re])utation, and in some articles on 
“Mortars and Cements” in The Builder in 1844, Mr. Wylson, speaking 
of these same experiments, .says: “Tlie deductions thence arrived at 
show an advantage on the side of the Portland cement, which speaks 
mo.st strongly in its favour; and which, judging by the authority from 
which these contrasts emanate, must be considered as at once authentic 
and conclusive, establishing this to 1x5 beyond all doubt superior to the 
Roman cement, whether as to strength, adhesion, or the capacity of 
receiving Siind; the latter of which properties it is shown to possess to 
such a degree as to render it actually cheaper than the Roman cemeftt,. 
whilst its other recommendations of beauty and the saving of colouring 
alone render it highly preferable.” 

Early Advertisements relating to Portland Cement.—Advertise¬ 
ments relating to this cement as made by Messrs. .1. B. White & Sons 
appear for the first time in The Builder in October, 184.'), and on the 
occasion of an accident to .some stucco on a hou.se in Cornhill, which had 
failed or “blown,” in the following year, Messrs. Claude, .lones & Aspdin 
write under date of 3rd September, 1840, to deny that the cement in 
question was of their manufacture. 

Sir William Tite on Portland Cement.—In May of this same 
year, Mr. W. Tite, the then Vice-Pre.sident of the In.stitute of British 
Arcliitects, spoke of Portland cement us “a good material if properly 
made and properly applied.” » 

We have now reached the period when the railway fever set in, and 
the demand for cement stone at Harwich became very extensive, indSSl 
the stock of stone threatened to become cxhau.sted. We read inr 
December, 1840, “prices have in consequence risen 30 per cent,, while 
the dredgers are,reaping a proportionate benefit. It is calculated that 
£26,000 per annum arp paid away in wages alonf to workmen employed 
in this trade.” 

Predicted Exhaustion of natural Cement Stone.j—It m«st,Mve 
been in the year 1845 or 1840 that Sir,R. Peel announced in Parliament 
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his intention of taxing the cement stone, fefii’ing its exhaustioi;, and 
hoping tHhs to reserve a sufficient supply for the pi*rpose of Government 
works. This fact we learn from a pamphlet issued by Messrs. Aspdin, 
Old & Co. about 1854, who state also therein that—“As soo^ as Mr.- 
Wra. Aspdin heard of this h(^addrossod Sir RolJert Peel upon the subject, 
^d intimated to him that he need not l)c alarmed about the supply of 
‘ Roman cement,’ as an article, which far surpassed it, was extensively 
m.anufactured. To prove these remarks, Mr. Aspdin waited upon Sir R. 
Peel with samples, and obtained a reply to the effect that he was much 
satisfied with them, and with the explanation; and in consequence the 
proposed tux was abandoned.” In this pamphlet, which describes the 
firm as carrj’ing on business at Now AVharf, Abingdon Street, West¬ 
minster, and at Gateshead-on-Tyne, it is stated that their total 
manufacturing powers were equal to 3,000 c.osks per week, and the price 
of the cement is quoted at 2s. per bu.shel. The results are given of 
several series of tests, and there is a challenge to rival manufacturers, 
dated Decemlicr ICth, 1852, to submit their cements to public test; in 
accordance with which, exjieriments were (Xirried out at their wharf 
at Millbank on February 10th, 1853. 

Portland Cement from Wakefield used in Thames Tunnel.— 
J rom this same pamphlet wo find that the Wakefield cement was largely 
used in the Thames Tunnel about 1828, although “at that time it cost 
20s. to 22s. per cask, be.sides the carriage to London. Yet Sir I. Brunei 
decided (notwithstanding his ability to procure Roman at 12s. per cask 
delivered on the .spot) to adopt Portland chiefly for his purpose, as its 
merits required no other recommendation than an impaiiial trial.” 

From this statement we may assume that the Thames Tunnel was the 
first engineering work of importance in which Portland cement was used, 
for there can be no doubt that in its early days it was mainly a stucco 
cement, and it was not until very much later that it acquired the con¬ 
fidence of the engineering profe.ssion. 

Accident Euston Station in 1848.—The year 1848 was in many 
ways a very eventful one in the history of Portland cement. On the last 
day of Jam^ry a fatal accident*occurred at Euston Station owing to the 
ijjcautious use of Roman cement. A lofty wall supported on columns 
formed of brick on edge suddenly fell, causing the death of two workmen, 
ap^l at the inquest whicji followed, and which attracted much attention, 
the question of the employment of cement was discusised at gjpat length. 
Mr. Hardwick,^the architect, expressed an opinion that the failure of the 
cement was due to itS employment during the «)ld winter wgather, and 
also to the great Ijaste with which the wo«k was win up. The columns 
in (|ue*tion wfre 20 feet high, 2 feet 2^* inches in diameter at the base, 
.^d 1 foot lOJ inches in diameter below the capital. Messrs. W. Cubitt 
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ik Cempany, the builderS, stated that they could not assign a reason for 
the fall of the wall, r On February 11th, Mr. William A.spdin Vrote from 
Northfleet and attributed the accident solely to the use of defective 
cement. We have here an intimation of As^slin’s removal from 
Botherhitlic. ‘ 

Experiments at Messrs. Grissell’s Works in 1847.—Later on in 
this same year, the rewlts of some trials of Mes,sr.s. White’s Portland 
cement are published in The Builder. These experiments had taken 
place at Me.ssrs. Grissell’s ironworks on December 10th and 31st, 1847, 
and they furni.sbed additional evidence of the superiority of Portland 
over Roman cement. 

Aspdin’s Circular in 1848.—The aiwve trials and the publicity they 
obtained seem to have given considerable umbrage t) A.spdin and his 
j)artners, for in the September following he published a letter as an 
adverti.sement in The Builder, in which he set forth, among other matters, 
that this cement was first introduced by his father in 1813, and patimted 
by him as “ The Portland Cement ’ in 1824, and that the oi'iginal material 
is solely made by him. He quotes certain tests to show that he had 
obtained far better re.sults than M<'ssrs. AVliile had done, and that he had 
used more .sand. Thus he .states that he has madi' blocks consisting of 
one pirt of cement to ten parts of .sand, and he concludes by callihg 
attemtion to a public trial of their cement which the firm were about to 
institute at their wharf at Great Wci itifpd Yard. 

Experiments in 1848 at Messrs. Bramah’s Works.—These pro¬ 
posed experiments they advertised for .some time, and they challenged all 
other cement makers to conqiete with them. The trials came off on the 
18th September, and subsequently at Messrs. Bramah’s works on the 
26th, when some blocks were crushed by hj’draulic pressure. We extract 
the following particulars from The Builder of September 30th, 1848, as 
they show the quality of the cement at that period. The brick tests were 
of the usual character—viz., built out from the wall. In one case the 
beam consisted of 38 bricks with neat cement. With one part sard Iff 
bricks.' Some brick beams were also tested, but the results are not very 
clear. Two large blocks of Portland stene, jointed together with cement, 
failed in the stone work. Some blocks of cement, 18" x 91" x 9", were then 
tried in a Bramah pre.ss, and .stood 58^ tons, when the press gave way. 
Roman cement failed under 221 tons. A block of one part cement to one 
sand with.stood 45 tons. On the 26th September some further tests wore 
made with a better press at Messrs. Robinson & Son.s, Pimlico, when the 
following results were obtained:— , 

“ 1. One of the previous, blocks, all cement and then thirty-five days 
old, bore a pre.ssure of 68 .t6ns, when it cracked at one angle^ but 
ultimately bore 90 tons without any alteration. 
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“2. An exactly similar block boi-e 1^1 tons >.vithout even a crack, and 
stood undar that pre.s.sure for nearly one minute, when it broke. 

“3. Another .similar block Iwre 104 tons. 

“ 4. One composed of nine sand to one cement boro 4| tons. 

“ 5. One of equal quantities of sand and ceufriit prefi(Asly suTimitted 
to a pressure of 47 tons now cracked at that pressure, but ultimately boi'e 
a pressure of 108 tons before it broke down, th^ form of the crack not 
altering.” 

Public Attention begins to be directed to Portland Cement.— 
The rivalry between the two principal firms engaged in the manufacture 
of Portland cement, in what we may term the London district, had the 
effect of directing public attention to the nc'w material, and the cement 
industry from this time steadily iucreas(>d in importance. Fresh factories 
were started, and the quality gradually becjime more and more reliable. 

Early Experiments on the Strength of Cements.—Tn a paper 
read by Mr. (i. F. White before the Institution of Civil Engineons in 
May, 18.')2, there is an account of the I'xperiments, to which reference has 
already heen ma<le, at Alessrs. Grissell s works in 1847, and of .some 
additional tests carried out, at Mr. .laekson’s works on March 8th, 1851. 
M e quote certiiin of these results, as they are of importfince as illustrating 
tktj relative merits of the artifici.al and natural cements made about that 
time. Each block was 0 inches .s(iuare and 18 inches long, and it was 
tested by hydraulic iJi essure applied on the smaller ends, a surface of 81 
s(|uarc inches : — 


N.itiiie Ilf Hloek 


1. l*uni Vortliuul eeiin'iU, 

Iinniui’sed m wuier 


o / I JNirtland, \ 

- j. 2 Sand, ] 

o /I J’ortlaiift cement, / 

1 S Sand, j 

4. Pure Ronwii cement, 

- / 1 Roman cement. | 

^ \2 Sand, / 

4 1 Portland, } 

6. *] 2 Sand, [ 

{Concrete, ) 

Do., 

I Portland, | 


for 


- .A-\ 

7 (lays after making, / ' 
Immct xf'd in \rator i ' 
as soon as made V 
for 7 ) 


, f n 

\ 3 Sand 


Q * f 1 Portland, f 
\ 10 Shingle, •’ 


. * Experimental blocks 6, 7, 8, 9, described i 
occupied one-tifth part in bulk. * 



1 (.'jUblmiK Korco 
j III Tons. 

Lhs. per 

l)aj8. 

1 On 81 

On 144 

sq. iiirh. 


1 sij. Imh. 

Sl|. illM. 



I 75 

133 

2,074 

52 

45 

80 

1,244 

52 

25 

44 

691 

:io 

2V 

48 

746 

52 

i 3 

5-33 

83 

48 

1 24 

42-6 

664 

270 

63-75 

113-3» 

1,763 

70 

16*87i^ 

.30 

442 

m I 

• 

• 

10. 

17-7f 

276 


4 concretfe, of which cement and sand 




40 


CALCAREOUS CEMENTS. 


Experiments made «t Mr. Ifaokaon’s works on blocks 6 inches by 
€ inches, and 12 inches long;— - , 
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♦ ' * 
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40 

40 
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40 

20 

80 

1,244 

,, Sheppoy. 

40 

19'.5 

78 

1,213 

,, Roman ,, ... 

40 

13-25 

5.^ 
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It is argued from the first set of experiments that neat Portland 
cement is three times the strength of neat Homan cement, and that with 
two parts of .sand Portl.md i.s half as .strong again a.s neat Homan cement, 
while even with throe parts of .sand it is equal in strength to neat Homan 
cement. , 

Experiments at the Exhibition of 1861.—Some experiments tried 
at the great Exhibition in Hyde Park, before the Jui'y of Class OCX VII. 
in September, 1851, are interesting, as tlie cement was used in the 
briquette form (see Fig. 1). 

The breaking weight per .square inch of neat Portland 
cement was 414 lbs., whi^ is a very good result for that 
period. No indiciition is, however, given of the age of tliis ^ 
sample. 

Prices of Roman and Portland Cement. —I’lie price 
of Homan cement had fallen about 1818 to Is. 3d. per bushel, 
the original price having been 4.s. fid .; the cost of Portland 
cement at tliis time was, as we have seen, about 2s. fid. per 
bushel. 

Mr. Johnson’s Statement respecting the Manufac¬ 
ture.—Wo think that we may here insert a very important 
statement le.speeting the early history of Portland cement, 
drawn up, for one of then authors by the veteran cement 
manufacturer, Mr. I. C. Johnson, in 1880, extracts from 
which were published in Tlie Building News of that ydir. 
Mr. Johnson states that young Aspdin “began work at 
Hotherhithe in connection with Messrs. Maude & Sqn on a 
small, scfile, and did sometime.s make a .strong cement, but 
owing to a want of scientific method, the qualify m respects strength 
and durability was pot to be depended upon.” He proceeds;— 

“I was at this time [abqjit 1846] manager of the wprks of,.Messrs. 
White, at Swanscombe, making only the Roman cement, Keene’s plaster, 
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and Frost’s cempnt, the latter composed *of 2 chulk to 1 of Medway elay, 
calciijed ligiitly, and weighing 70 to 80 lbs. per bushd. 

“ My employers, attracted by the flourish of trumpets that was then 
being made about the-new cement, de.sired to be makers of it, and some 
steps were taken to join Aspdip in the enterprise^ but no*agreemeifl; could 
be come to, especially as I advised my employers to leave the matter to 
me, fully believing that 1 could work it out. ^ 

“ As I before said, there were no .sources of information to assist me, 
for although Aspdin had works, there was no pos.sibility of finding out 
what he was doing, because the place was closely built in, with walls 
some 20 feet high, and with no Avay into the works, excepting through 
the oflice. 

“ I am tree to confess that if I could have got a clue in that direction 
T should have taken advantage of such an opportunity, but as I 
have since learned, and that from one of liis later partner’s, that the 
process was so mystified (bat anyone niiglit get on the wrong scent—for 
even the workmen knew nothing, eonsidering that the virtue consisted in 
something Aspdin did with his own hands.” 

Aspdin’s Secret Processes.—“Thus he had a kind of tray with 
.several compartments, and in these he luwl powdered sulphate of copper, 
powdered limestone, and some other matters. When a layer of washed 
and dried slurry and the coke had been pul into the kiln, ho would go in 
and .scatter some handfuls of these powders from time to time as the 
loading proceeded, so the whole thing was surrounded by mystery.” 

Analysis of Aspdin’s Cement.—“ What then did I do ? I obtained 
some of the cement that was in eoininon use, and, although I had paid 
some attention to chemistry, I would not trust myself to analyse it, but 
I took it to the most celebrated analyst of that day in Ijondon, and spent 
some tw’o tl.ays with him. AVhat do you think was the principal element, 
accoixling to him 1 Sixty per cent, of phosphate of lime! All right, 
thought I, I have it now. 1 laid all the neighbouring butchers under 
contijbution for bones, calcined them in the open air, ci'eating a terrible 
nuisance by th5 sinell, and made no end of mixtures with clay and other 
matters contained in the analysis, in different proportions and burnt to 
different degrees, and all without any good result.” 

* Attempt to produce a Cement from the Components of Roman 
Cement.—“ The question was, what was the next thing to be done ? I 
hatf an^,idea that the elements were those contained in Homan cement, 
and I had read somewhere that .the older chemists Jiad taughf that the 
value of Roman*cements was due to the iron and manganese contained in 
them. I knew thatjthese matters gave ri^ to tl^ peculiar "colour of 
Eom|a pement,^but*they were absent in P^jtland.” 

. Mr. Johnson’s Rzperiment|.—“ I had a laboratory and appliances 
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on jthe premise.s, bo I iforked and day tx) nnd out the component 
parts of the stoneij from Harwich and Sheppey. Havingrfound .these, 
and taring tried many experiments, spreading over some months, in 
putting different matters together, I begun to' think that lime and 
alumina wer* flic chief ingredients neceasary. I therefore tried quick¬ 
lime powderetl and mixed with clay and calcined, by which means I |;ot 
something nearer. It, was a cement voiy much like Frost’s. After this 
I used chalk and clay as used in Frost’s cement, but with more chalk in 
proportion. The resulting comi.ound lanng highly burned, swu'lleil, and 
cracked. 

“ By mere accident, however, souu; of the burned .stuff was clinkered, 
and, as 1 thought, u.seless, for 1 had heard Colonel Pasley .say that he 
considered an artificial cement should feel quite w-arm after gauging, on 
putting your hand on it, and that in his ex}ierimeuts at Chatham he 
threw' away all clinkers formed in the burning.” 

Trial of Clinker formerly rejected.—“ However, 1 pulveris.sl 
.some of the clinker and gauged it. It did not seem as though it would^ 
harden at all, and no warmth was produced, I then made mixtures of 
the powdei-ed clinker, and jiowd.-red lightly-burned stuff,* this did .set, 
and .soon became hard. On examining .some days latt'r the clinker only, 
] found it much harder than tins mixtui-e : moreover, the coloni' was Af a 
nice grey." 

Works conducted on a Large* Scale.—“ Supposing that T h.id 
nearly got hold of the right clue, T proceeded to operativ on a larger .scale.^ 
making my nuxture of 5 of white chalk to 1 of Medway clay. This was 
well burned in considerable iiuantities, and was ground finely; but it was 
of course a failure from excess of lime, although 1 did not then know the 
reason of it. The whole of this material was tossed away as uscle.ss into 
a kind of tunnel near at hand, and laid there for some months, after 
which T had the curiosity to take a .sample of it and gauged it as before, 
when, to my astonishment, it gauged smoothly and pleasantly, and did 
not crack and blow as before, but became solid, and increased inrhard- 
ness with time.” , 

Traces a Previous Failure to Bkoess of Lime.—“ Cogitating as 
to the cause of this difference, it occurred to me that there had been an 
excess of lime, and that this exjsisure in a rather damp place had caused 
the lime to slake. 

“ This was another step in advance, giving me as it did the idea of 
there being too,much chalk, so I went on making different mixtures' 
until I came to 5 of chalk and 2 of Medway clay, and this gave a result 
so satisf^toiy that hundreds of tons of cement so mixed were soon 

• Aspdm, we learn from one of his letters, mavle his cementffrom a diixture of 
• tender and hard-humed clinker. , 
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afterwards made. Some of this cement 4'as senifto the French Govorn- 
ment .Works at Cfierhourg, and was, as 1 believe, set jip as a standard of 
quality to which all subsequent purveyors had to conform.” * * 

Anticipates Process of Grinding with a Minimum of Wajer.— 
Mr. John.son subsequently explains how he partly anticipatSd Goreham’s 
pa^mt of grinding with a jninimuin of water, and ho details his exper¬ 
iences as a cement jnaker on his own account, fit^t at Frindsbury near 
Rochester (where ho ostablishofl the first manufactory on the Medway), 
then at Clifle, later at Gateshead-on-Tyiie, where he followed Asixlin, 
•W'ho had failed in business, and lastly at Greenliithe. 

Bast Traces of the Aspdins.—"We think that Mr. Johnson’s 
account is very interesting as the personal narrative of one of the 
founders of the cement industry, and one to whom, as we shall see later, 
it owes some important improvements. Tn bringing this somewhat 
lengthy chapter to a close, we may mention that the elder Aspdin was 
still M'orking at Wakefield in 18o3, and we arc iutV)rmed by his grandson, 
jilr. W. A. Aspdin, that he resided there until his death in I 80 .'). lie 
was inh'rred at »St. .lohn’s Ghurch, Wakefield, and his tombstone there 
bears the following inscrijition:— 

“ .Saurcd to the memory of the late 
JosEiMi Asi'uin, 
of tfiis town. 

Inventor ot tfic Patent Portfanil Cement, 

Who departed this life on tlie 20tli <lay of Maroli, ]8d.t. 

Aged 70 years.” 

His grandson tells us, moreovei', that the works he originally built were 
pulled down for the railway, and other mills were erected, whii.'h were 
carried on after his death by his son James. .Joseph Aspdin had two 
sons and one tlaughter. His sou William, after his failure at Gateshead,* 
went to Germany, and died in Holstein, during the Schleswig-Holstein 
war in 1864. 

•A*writer in Jluildtr, in March, 1880, states tliat, Ixfore the snoc-oss of 
AspeKn’s new material was thorouglily assured, “ he launched out hy renting several 
acres of land n^ar Gravesend, and comftioneed building ‘Portland Hall’ in such an 
elalmrate and artistic maimer as to require some £40,000 to bring it to completion. 
Wlftn the structure was rather more than one-third np, he had to stop, and he sold 
off at so groat a sacriffee that he loft tlie country and died abroad.” 
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CHAPTEllrV. 

THE COMPOSITION OF PORTLAND CEMENT. 


CoNTEHTS. —Inflacnce of Materials on the .Seat of the Trade—Essential Com¬ 
ponents of Cements—Proportions of Ingredients—Over-limed Cements— 
Danger of Ilighly-limed Cements—Less Important Constituents of Cements— 
Sulphur in Cement—Iron in Cement—Magnesia and its oflects on Roman 
and lloseudale Cements—Alkalies. 

Influence of Materials on the Seat of the Trade.—The induce¬ 
ments originally offered to cement imakers to settle in the Thames district 
ai e ea.sy to understand, the ample .supply of chalk, and the excellent 
Medway mud, were admirably adapte<l for their purpose, and, in course 
of time, a large colony of manufacturers established themselves on the 
estuary of the Thames, and the London Portland cement obtained a wide 
reputation. Indeed, the belief gained ground that no really good cement 
could be made elsewhere, and tlie raw materials of this di,strict s ere 
transported .at great expense to other l('s,s-favoured localities, in which the' 
manufacture was carried on. A 

Failures caused by -want of Chemical Kno-wledge.—Owing to 
the imperfect knowlerlge of the chemi.stry of ecments, the process was at 
first, as we have .seen, expo.sed to continual dangers, and the failures of 
the cement made from the lias and from tlie lower chalk were at one time 
so .serious as to apjxiar likely to bring all other cements into discredit. 
The constant fluctuations in the composition of the thin beds of stone and 
shale in the lias formation, and the varying quantities of clay combined 
with the lower oi- grey chalk led the cement maker who relied upon rule- 
of-thumb into all kind.s of ditticulties and dangers. Too often he 
depended upon some cunning workman, who marie a mystery of his 
proportions, and concealed his ignorance and accounted for his failures 
by statements which the master took upon trust or dill not venture 
to dispute. 

An Early Authority on Cement Making.—We remember, in the 
early sixties, such an authority in one of the older works on the Medway, 
who had' washed vyhole backs full of over-limed slip (the liquid mixture 
'of'chalk and clay), and who attributed the “Wowing’’of the resultant 
cement-ib an unpropitious state of the atmosphere. The real fact of the 
matter being that some new beds of chalk were being, quarripd^which 
, contained only 6 per cent, of clayey matters, instead of the 10 per cent. 
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present in the chalk to which he was accistomedfand he had dealt with 
the new chdik just as he did with the old. 

Materials available for Cement Making.—It is now ^rfectly well 
known that suitable mbctures of carbonate of lime and clay can Ije pre¬ 
pared from raw materials, to he found in all par(b of th5 itorld, and in 
majjy geological formations. It is not essential that the mixture should 
be made of each of those substances in the pujo state. They occur 
naturally compounded in various proportions in vast beds in many 
different localities, and in making use of such materials, all that is 
necessary is to employ them in such proportions as will give the required 
quantity of carbonate of lime in the mixture. 

As cxamphis of pure or nearly pure materials, we may instance the 
white chalk of the Thames district, the indurated chalk of the noi-tlx of 
1 reland, and many deposits of the carboniferous limestone formation, all 
of which contain aljout 98 per cent, of carbonate of lime. Among the 
clays and shales in use for cement making (under the latter term w'e 
imply a .solid form of clay com])acted by pre.s.sure and capable of being 
split into laminm), we have the alluvial mud of the Medway—a .salt-water 
deposit—the fresh-water alluvium found on the Ijanks of many rivers, 
boulder clay, the .shales and clays of the coal measures, and the shales of 
the^Silurian formation, in which last lime is either entii’ely absent or 
present in very small quantities. As instances of naturally compounded 
materials, we may mention the low'er or grey chalk of the Medway, the 
Jime.stones and shales of the lias and of the upper carboniferous strata, 
gault clay, the chalk marls of Cambridge.shire and Gcsrmany, and the 
Silurian limestones now' so widely used in the Lehigh Valley district of 
Pennsylvania. 

The Present Position of the Cement Manufacture.—From the 
point of view simply of materials, we have now entered upon a phase of 
the Portland cement manufacture in which the trade has passed far beyond 
the boundaries of the Thsimes and Medway districts, and when even the 
lies formation has ceased to present its former attractions to the cement 
maljer. Since, as we have seen, it has become a matter of common 
knowledge, that chalk is not an «e.sential factor in the production of a 
good sample of Portland; moreover, with the growth of .skill and chemical 
knowledge, manufacturers fight .shy of the treacherous and uncertain beds 
of the has formation, many of the shales in which contain so much iron 
pyrites and sulphur in other forms as to render them wholly unsuitable 
for the production of a really first-class sample of Portlan^. The factories 
established at val-io^js .seaports in the north, where,chalk could readily be 
obtained at low freiglits as a return carg^ are i^’orking at* a great 
disadTjantage as»regards cost of raw matefigls, and in some ca.ses have 
been closed. The tendency nowacjays is rather tb seek for a cheap and 
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abvndant source of raw materia s, and to e.stabU.sh works in the immediate 
vicinity of large centres of population, where the cement is^ikoly>to be 
locally required. 

The Constituents of Cements.—It may be as well, before we 
attempt to beat of the various processesfof manufticture, if we examine 
somewhat in detail the actual constituents of cement, calling attention, 
first, to those substances the presence of which in Portland is e.s.sential, 
and subsequently to cerbiin other ingredients which either exert no 
influence upon the mixture, or which in certain cases, or when they 
exist in large quantities, may be productive of positive injury to the 
cement. 

Essential Components of Cements.—Careful experiments have 
proved that the only e.ssential components of a cement are lime, alumina, 
and silica, which substances we have dealt with in our introductory 
chapter; but there are, .s(ffiOndly, as we have .seen, numerous other 
ingredients present in Portland, occurring either as impurities in the 
clay, or in certain cases derived from the fuel used for calcination, some 
of them tending to facilitate the cement action, others either inert in 
themselves or merely biking the place of the es.sential constituents, and 
lastly certain subsbuices which we must regard as injurious, except when 
they are found in very small quantities. 

Characteristics of Clays adapted for Cement Making.—The 
best clays for the u.se of the ccmenlf^maker are those which are highly 
siliceous, even if much of the silica occurs in the free .state as fine sand., 
Should the silica be present as a coarse-grained sand, the mixture requires 
b) be very perfect and finely ground. Experience shows that in the 
finished cement the silica, even from a sandy clay, is found in the 
soluble form. This is not the case in burning such clayey substances 
into a hydraulic lime, as the temperature reached is not sufficiently high 
to effect this change. ITie proportion of silica present should at least 
equal times the amount of the iron oxide, and alumina taken together. 
Thus a clay containing 18 per cent, of alumina and 6 per cent, of-ferric 
oxide should contain at least 60 per cent, of silica. Clays of this com¬ 
position require a high temperature to'bffect their fusion when they are 
employed in conjunction with carbonate of lime. The resulting cement 
sets in a reasonable time, .speedily attains sufficient strength to show 
good breaking tests, and .steadily increases in strength with age. On the 
other hand, clays with a high percentage of alumina yield a mueh more 
fusible mixture,, which can be calcined with less fuel, but which often 
causes trouble in the kiln by overburning. The finished cement sets 
quickly,.often indeed with, such rapidity as to render its use difficult 
without regauging, and the strength at short dates runs high. 'There is 
’little Increase with age, indeed often a tendency to retrograde action. 
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Proportions of the Ingredients,—^he ex&t percentage of cUy 
whiclv when»of the right quality, may be added to thg carbonate of lime 
to produce Portland cement varies between somewhat wide ^nd not very 
clearly defined limits. All mixtures which contain, say, from -74 to per 
cent, of carbonate of lime w'ill, when very careful!/ and intiiflately mixed 
an(^ very finely ground, produce, if sufficiently calcined, a Portland cement 
of fair quality. When the percentage of clay riyis too high—that is, 
when the carbonate of lime in the dried “sluri'y,” or mixture of lime and 
clay, falls below 74 per cent.—a cement is obtained which is technically 
termed “ over-clayed.” Compounds of this natui-e fuse or “ run ” in the 
kiln at a temperature below that required for the prtaluction of a sound 
“clinker” (the term applied to the fused material issuing from the kiln). 
The resulting cement is light in weight, is apt to set quickly, has a 
brownish colour, and never becomes thoroughly indurated. The.sc light 
descriptions of Portland, moreover, have a tendency to crumble on 
exposure to the weather. 

, Light Cements well adapted for Plasterer’s Work.—They are 
essentially plasterer’s c(iments, as they work readily under the float or 
trowel, and, owing to the fatst that they set more speedily than a dense 
cement, the workman can leav(' them within reasonable time, which he 
appSars very often to be unable to do when using a den.se .slow-setting 
'sample of Poi tland. These over-clayed cements are now but rarely made, 
though at one time they were much .sought after and preferred for certain 
de.scription.s of work. There is, however, now but little demand for 
cements of this type, which in .some cases approacluid the Roman cements 
in cotnposition, since the finely-ground Portland now made sets sufficiently 
quickly for .all practical purposes. It was the frauduhmt substitution of 
cements of defective quality of the above charactei', prepared from slack- 
burnt clinker, for dense Portland which, for a time, had a prominent 
share in bringing this excellent material into disrepute. There was 
formerly, when the characteristics of Portland were less widely known, a 
great f^fmptation to aim at the production of these light cements, as they 
are ground with comparative ease, and they enable the cement maker to 
dispose of his insufficiently burnedtoiaterial without further calcination. 

Over-limed Cements.—The presence of an excess of lime, on the 
other hand—that is, where the proportion of carbonate of lime in the 
slurry ranges above 77'or^78 per cent.—leads to the production of a 
cement ■v\ihich will stand the highest temperatures in the kiln, and in fact 
necessitates very heavy firing. Such cements, technieally termeS “ over¬ 
limed,” are extreftiel^ douse when burnt at a high,temperature, they set 
very slowly, and are yery difficult to grind.^ The !«imple of {‘ortland 
produq^^rom a mixture of this kind is apt^ be treacherous when used 
in oonstruotion—i.e., unless it has been properly “purged ” or exposed in 



48 CALCAREOUS CEMENTS. 

thin layers to the atmosphere Js<> cause the limey particles to become air 
slake(], and it is liable to “ blow ” or swell in the work ; an ‘action* very 
frequently caused by the retarded hydration of certain of its particles. 

Danger of Highly-limed Cements.—Lookiiig to the great tensile 
strength and the density now demande<l under certain specifleations, manu¬ 
facturers are induced to raise to the utmost limit of safety the percen^ge 
of lime, and thus to approach more and more to the danger point alwve 
indicated, a danger only avoided by extremely fine grinding and careful 
purging. Manufacturers of cement are well aware of the risks encountered 
in producing cements with high percentages of lime, and it is usual to 
store Portland cement for some comsiderable time in the warehouse l)efore 
it is sent out for .sale. Many specifications involve a further storage on 
the works of the contractor previous to use, and even the test samples of 
Portland improve under this treatment. Apart from considerations of 
safety, there is a real gain to cement producers in the storage of Portland 
cement, either as clinker or in the ground state, for some considerable 
period previous to sale. 

Less Important Constituents of Portland Cement.—The colour 
of Portland cement is due to the iron oxide, which is always present, and 
belongs to the second of the categories under which wo have grouped 
the components of cements, which comprises also magnesia and 'die 
alkalies. In the lust class we must include the sulphur compounds, 
us also the carbonic acid and water; the.s(^two last-named ingredients, 
if found in any quantity, indicate either that the sample of cement is 
very stale or that the mixture has been imperfectly calcined. We 
propose now to discuss briefly the action of sulphur, sulphuric acid, 
magnesia, iron oxides, and the alkalies. 

Sulphur in Portland Cement.—The sulphur of Portland cement is 
derived mainly from two .sources, either from the clay or clay-shales, 
which are often more or less impregnattsd with calcium sulphate, and 
which contain, especially in the case of the lias clays, norlules of pyrites 
or sulphide of iron, or from the coke employed for the calcination, ovhich, 
when it is obtained from the gas works, is always rich in sulphur com¬ 
pounds. Gas coke, on account of ite relative cheapness, is commonly 
used by cement makers, and English cements almost invariably contain 
a certain amount of sulphur derived from this sourec. 

Percentage of Sulphur allowable.—Sulphur, when it exceeds 
certain pot very sharply defined limits, is undoubtedly injurious to 
Portland. cemenb. “ Its action upon cements is a matter of very con- 
‘aiderabl^ importance, «und has scarcely received'the. attention which it 
deserves. Some authorities recognising its detrimental effects upon 
cement • have attempted by carefully worded specifications >eif4rer to 
-^exclude it Altogether, or to limit the* quantity present to 1 or at most 
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2 per cent, of calcium sulphate, a degree Iff puritj^seldom if ever attaiaed 
in the case" of English-made cements. In the Geripan standard rule.s 
(see Appendix E) the beneficial eflect of .small quantities of calcium 
sulphate upon Portlaild is so far recognised (hat manufactures are 
allowed to employ a proportion not exceeding 5 per cenff. in order to 
copfer slow-.setting properties. 

Selenitic Action.—This action of the calcium sulphate was dis¬ 
covered by the late Alajor General Kcott, C.B., the inventor of .selenitic 
cement in 1854, and in the so-called Scott’s cement, patented by him in 
1850, this property was, for the first time, turned to commercial account. 
To General Scott, moreover, we owe the propo.sal to luld calcium sul¬ 
phate to Portland ccnienl for the purpo.so of retarding the setting. 
We shall treat of the seh'iiitic cement in a special chapter. 

Sulphuric acid, when present in Portland cement, acts, it is believed, 
in the manner describ<-d in the case of Selenitic cement upon the uncom¬ 
bined Him! pre.sent and deprives it of its avidity for water, causing it to 
».set after the nature of a cement. Ahn-y small quantities of sulphuric 
acid will delay the rapidity of the initial set of Portland cement, and 
we have found, in the case of a fiery c ' iient, that the addition to it of 
1 per cent, of its weight of plaster of Paris would delay the time needed 
to set from five to seven hours. 

Messrs. DyckerhofF’s Experiments. — The annexed table, ex¬ 
tracted from the PnKeedings of the Inst, of Civil Ji'iojineers, gives the 
.results of .some important experiments by Messrs. Oyckcrhoir bearing 
upon this question. They demonstrate that, together with the delayed 
setting time, a great gain in strength results from the use of trifling 
additions of gypsum. In fact, this treatuKiiit is equivalent to, and may 
replace the purging which dense highly calcined cements re(|uiro previous 
to u.se; this statement being clearly proved by the bottom row of figures. 
General Scott pointed out that the same results might be obtained by 
expo.sing the cement for a few minutes to the action of a jet of steam 
which*rapidly lydrates the free lime. Indeed, in one of his numerous 
patents he .specifies this process. 

Excess of Calcium Sulphate is Injurious.—Although the action 
of calcium .sulphate in small quantities is thus shown to be beneficial, 
there can be no doubt but that the presence of this substance in 
proportions exceeding, say^ 4 to .5 jKir cent, of the volume are injurious, 
for wo must remember that calcium sulphate is comparatively fjpluble in 
water, and in damp .situations much of it would iiftviiably be washed 
out of the mortar, Jindj moreover, this .sub.stance» never attains to anv 
considerable degree of hardness. 
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Deleterious Action of Caloium Sulphide. —^There is a great 
objection to ‘ihe presence of sulphates ajd sulphur compounds in the 
raw materials for cement, and this is owing to their tendeifty to become 
decomposed in the kilr., leading to the formation of calcium sulphide, 
a most dangerous ingredient of Portland cement. The* troubles that 
arise from the calcium sulphide are proljnbly mainly due to its liability 
to attack and decompose the iron compounds in th^cement. 

Slag Cement.—In the case of cements made from mixtures of lime 
and blast-furnace slag, there is always a notable proportion of calcium 
sulphide present, and the action of this sulphide upon the iron gives to 
most of these cements the unpleasant green colour to which reference is 
mtule in the next paragraph. 

Iron in Portland Cement.—Iron is found in well-burned Portland 
cement chiefly in the condition of the lower oxides, but there is nearly 
always a certain projmrtion of the peroxide present: and French chemists 
speak with certainty of combinations with lime in which the iron acts as 
an acid to form the so-called ferrites of lime. With certain of the iron 
compounds the sulphur from the calcium sulphide reacts, leading to the 
foi'mation of iron sulphide. This substance .slowly attracts oxygen, and 
tecomes converted into sulphate of the protoxide of iron, which subse- 
<juc-itly further oxidises and assumes a brownish-red colour. This action 
goes on with much greater rapidity in tlie gauged cement than it does 
before the cement is made up. Te.st .samples when broken have a 
greenish tint, much more highly coloured than we should expect in a 
good .specimen of I’ortland, and the fractunxl surface on further exposure 
to the atmosphere turns to a l usty brown. If the test briquettes are 
imnier.sed in water they never harden as they .should do, especially if 
made up with sand, and though at first their colour is greenish, it 
changes to hi'own as la'fore, on being taken out of the water and expo.s(;*d 
to the air. The set of cements of this typo is very slow, even when water 
is very sparingly used in gauging them, and with an excess of water 
they Ayll scarcely .set at all. There can be but little doubt that the 
presence of ii'oif in this form hinders the crystalli.sation of the mas.s, and 
cement of this character never attnins a high degree of tensile strength, 
especially under the sand te.st. 

Magnesia in Cement.—Nearly all specimens of Portland cement 
contain a .small amount of magnesia, this substance being generally 
present in the chalk, in the mnd from the estuaries of the Thames and 
Medway, as also in the clay shales of the lias formatioa. 

The magnesijf is originally found in combinqj;ion partly with car¬ 
bonic and partly witJ silicic acid, but .some clays cont^n small qSantities 
of magpqpium sjilph&te. In the process ‘of calcination the carbonic 
acid is expelled, leaving caustic ijiagnesia, a sulfctance which behaves 
in the cement in a similar way to the uncombined lime, ft has, how- 
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evfr, much le.s.s avidity for j[#ater than the lime has, and becomes, 
hydrated much mo,re slowly. 

Experinfents of Mr. Jones on Action of Magnesia.—From .some 
oxperjments quoted in a paper read by Mr. W. Smith before the Institu¬ 
tion of Civil fingiueei's, to which wo shall refer later, and which wei'e 
carried out by Mr. H. T. Jones, of Aberdeen University, 100 part^ of 
magne.sium oxide comljiiied with water at the following rate ;— 

Ill twenty-four hours.HO’00 per cent. 

,, forty-eight hours.38’7-t ,, 

,, nine days,.44'30 ,, 

The theoretical maximum needed to completely hydrate the above 
quantity of magnesium oxide was 45-00 per cent. It is not stated at 
what temperature this oxide was produced, but the hydration was in this 
case fairly rajiid, and the calcination was doubtle.ss effected with far less 
heat than that needed to burn Portland clinker. Mr. Smith tells us that 
pn adding 5 per cent, by iveight of this dehydrated magne.sium oxide to 
Portland cement there was a lo.s.s in strength, when te.sted after nine dayn 
of 20 per cent. Mi«lo up with 3 parts of sand, the cement and magnesia 
broke at 102 lbs. per ,s(]uare inch in twenty-eight days, but no correspond¬ 
ing test is given witli unmixed cement. The fact of adding this quantity 
of magnesia to the samide of cement after calcination does not, we think, 
throw any light upon the subject. 

Time Weeded fer Hydration.—Tlfe time occupied by magnesia in 
solidifying the water is, as is well known, projiortionatc to the temiieia- 
ture to which it has been exposed in the kilns. It will reailily he .seen 
that this fact indicates a source of possibl<> danger in cements calcined at 
a very high temperature, for wo can concciie of cases in which the hydra¬ 
tion of the lime and the combination with silica and alumina to form 
hydrated silicates may have been completed before the ma.gne.sia has 
taken up its water of hydration. As this action is accompanied by 
increase of volume, tbo tardy sinking of the particles of magnesia may 
lead to the disruption of the cement mortar. This action does »ctually 
take place, and in the case of certain cements of French origin, in ^vhich 
a dolomitic lime was u.sed containing ils much as 25 per eeijit. of carbonate 
of magne.sia, the expansion of the mass continued for .several months after 
the mortar was miule up and brought the material into so much disrepute 
that the manufacture hiul to be abandoned. 

« < 

Coi^pounds of Magnesia with Silica and Alumina.-»The com¬ 
pounds formed .hymagnesia with .silica and alumina resemble in every 
respect the similar silicates and aluminate.s o^ Iqiie, and the affinity 
between the silicic-acid apd the magnesia is grorter than in the case of 
lime-; but, as M. Fremy has, pointed out, there is strong reason-tobelieve 
that these substances also become hydrated much more slowly than' the 
lime Compounds, and frtnn this circumstance it follows that mortars which 
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■consist of a mixture of the silicates and al^minates of lime and magnesia 
may, after tlie initial set of the lime, undergo molecular change.'^, due 
to the retarded hydration of the magnesia compounds, which may further 
disturb the original cohesion of the mass and lead to disruption. • 
Magnesia Compounds *e Hydraulic.—It has, however, been 
found by laboratory experiments that the silicates and aluminates of mag¬ 
nesia atHiuiro on hydration a superior degree of Iwrdness to the similar 
compounds of lime, and that they remain wholly unaltered under water. 

Infiuence of Magnesia on Cements.—AVhen the percentage of 
magnesia in the cement is small—say under 3 per cent.—and when the 
purging or air slaking has been alU)wed to take place, nt) injury need 
be apprehended, but in all dense highly burned cements, the action of 
the magnesia must bo carefully watched. We do not anticipate any 
difficulties if the magnesia is combined with sulphuric acid as this com- 
jKiund does not become altered in the kiln. 

Boman and Bosendale Cements.—Tn the tender-burned cements of 
the Homan cement type and in the lloseiulale cement of the United 
States of America, de.seril)ed at p. 25, the magnesia is found to be quite 
harmless. It should be remembered wl.de treating of the magnesia that 
this substance by itself is {)ei*fectly hydraulic, and calcined magnesia will 
s<*t in water an<l produce a stone-like mass. Hut for thi.s purpose it 
should he calcined at a cherry red heat or at a very moderate temperature, 
and it must be ground to a fine powder Ijefoie use. 

Large amount of Magnesia present in American Cements.—It 
will he setsn from the annexed analyses of Amei’iean cements of the 
Itoseiidale type that many of these materials contain a large percentage 
of magnesia in addition to lime and alkalie.s, and that the proportion of 
.silica and alumina is low as compared with our English quick-.setting 
cements, as, for instance, tho.se made from the, .septaria of Harwich and 
the Isle of feheppey, some analy.ses of which are abided for the purpose of 
comparison. 

An.vi.ysis ijf N.\turai, Ceme.nts. 



KoseiiOale. 

Layer 
No. 13. 
Koseiidalc. 

Layer 
No. 17. 
Roseiidale. 

Shepiiey 
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Buptiniu. 

Harwich. 

•Septaria. 

Carlionate of lime, 

Orbonate of mai^nesia, .% 
yilica, -lay, and insoluble 
silicates, .... 
Alumina, . » . . 

I’croxide of iron, ^. • . 

Sulphuric acid, . . . 

Potash and so(^ (clilu^iue),. 
Wat«# iind loss, •. , 
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I8-5'2 
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1-96 

4-24 

0-20 

28-48 

32-86 
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4-64 

1-86 

1-18 

4-72 

0-26. 
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11-10, 

2-52 

1^2 

0-22 

’ 4-06* 

0-26 

. 

63-00 

4-2 

1-32-00 
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5-7 

• 

33-0 

• 

0-8 

Total, 

--• • 

98-30 

100-00 

98-62 

100(10 

100-00 
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“ Controversy Hespeoting;.^tlie Action of Sea Water on Cement.— 
The .presence of imagno.sia as a constituent of Portlamf cement has 
attained con.siderable notoriety, in consequence of the partial failure of 
the 0 "cat harbour works at Aberdeen, attributed by Mr. Messent, Prof. 
Brazier, arnf others, to the action of the magnesia in the sea water. This 
subject was brought under the notice of the members of the Institution 
of Civil Engineers in ir jiiipcr by Mr. Wm. Smith, in 1891, and occasioned 
a most interesting discussion on cement azition. We give in Appendix 
B a brief outline of tbe above paper and of the discussion that followed, 
which traverses the whole ground of the controversy. 

Alkalies in Portland Cement.—We have .still to glance at the 
action of the alkalies which we regard as very important constituents 
of the cement The only alkalies found in Portland and nearly always 
present in good samples, to the o.xtent of from 0'5 to rather over I'O per 
cent., are potash and soda. These substances are derived mainly from 
the clays or clay shale.s, and while their action is most valuable during 
the calcination they are also iM-ncficial, we believe, at the time of gauging 
the cement, for the alkaline silicates, as it is well known, are the only 
compounds with silica .soluble in water. Their oilice as carriers of silicic 
acid to tlio lime and other sparingly soluble ingredients of the cement 
has, we think, not hitherto been sulliciently .studied, and when con¬ 
sidering the set of cements and the rec^t theories respecting this much 
debated ((uestion, the alkalies should not be overlooked. 

The Investigations of Fuchs.—It will bo suHiciont here to allude 
briefly to the investigations of Euebs, who demonstrated very clearly the 
influence of these substances. Thus he found that decomposed felspar 
when treated in the humid way with caustic lime jiarted with 10 per 
cent.—that is to say, nearly the whole—of its potash ; he found further 
that substances containing but little alkaline matter, such as pumic(!-stone 
and pitch-.stone, were, deprived of the same by lime, and that both lithia 
and potash could Ije .separated in thi.s manner from Icpidolite (a silicate of 
alumina, lithia, and potash). By a .similar process the alkali is .sejtarated 
from most varieties of clay and transferred to the lime. The .solubility 
of alumina and gelatinous .silica in potash renders it moretthan probable 
that the alkalies accelerate the hydraulic action of the lime by promoting 
and facilitating the gradual transference to it of tlie silica. 

Kuhlmann’s Experiments.—Kuhlmanm carried out numerou!’, ex¬ 
periments with the alkaline silicates eon.stituting “ w-ater-glass,” which 
established the facf that the.se materials part with theii'tsilica to the lime 
without,the aid of heflt, and the same reaction occur.'; with carljonate and 
sulphate of lime a? with tapstic lime—the alkali fran.sfers its silica to 
the lime and unites with the carlmnic or sulphuric acids. Chalk powder 
expo^ to a solution^of .silicate of ^tash becomes after a short time 
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solidified into a stone-like mass, and a limp of chalk immersed in the 
liquid receiV'es a surface coating of silicatfe of lime, which on subsequent 
exposure to the air becomes so hard that it is capable of taking a polish. 
The induration of cement concretes by means of the .so-called “silica-lxith” 
depends upon this property, atid the preservatioa of wall wurfaces by a 
costing of water-glass is another illustration of this principle. 

Portland Cement Manufactured from F^sed Clinker.—It has 
always been hitherto inaintivincd by cement experts that, in order to 
produce a perfect sample of Portland cement, the i-aw materials must be 
raised to the temperature of incipient fusion, but that it was fatal to 
c.xcoed this bmipeiature and to fuse any consideiable portion of tbe mass. 
Indeed, in many works, the accidentally vitrified clinker was jiicked out 
and rejected. This opinion has, how-ever, of late been somewhat rudely 
assailed, and it is now asserted that by suitably selecting the constituents 
and by burning Ihein at a temja'iature ca])able of melting tlaun into a 
slag, such as is produced in the blast furnace, the prfsluct obtained is 
^superior to that prepared in the ordinary way in the. cement kiln. 
Experiments conducted in America at thi^ Atlas Portland Cement Works 
with this process are still in progress, but it may be remeraliex’ed that 
exc<'lle:it results have b(!en obtained both in (lermany and in the United 
States in manufactui'ing cement from a mixture of finely-ground blast¬ 
furnace slag and limestone in the manner w'c have desciibod in our 
chapter on Shiij CfnmUs. It is evident that the silicsites jxroduced at 
the temperature of tlu! blast funixus! can readily be decomposed in the 
presence of lime at the heat needed for thi' production of cement clinker, 
and there is no chendcal dill'erenee between the clinker produced from a 
mi store of fused silicates, as contained in iron slags, and that resulting 
from carbonate of lime and clay as juepared in the ordinary way. 
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CHAPTER yi. 

THE CHEMICAL ANALYSIS OF CEMENT RAW MATERIALS, 
PORT/ AND CEMENT, AND LIME. 

Contents, —Limestone and Portland Cement Mixtures—Determination of Silica— 
Iron—Alumina—Lime—Magnesia—Sulphur—Alkali Metals — Chlorides— 
CarlKui Dioxide — The Analysis of Clay and Shale — Analysis of Portland 
Cement—Analysis of Lime—Atomic Weights and Factors. 

Limestone and Portland Cement Mixtures.—The method to be 
described is applicable to any material containing not less than 70 per 
cent, of carlwimtc of lime. If the carbonate of lime falls below this 
amount, the analysis is best made by one of the nw'tbods described for 
clay. The .sample should be finely powdered, dried for some hours at a, 
temperature of 100° C., and transferred to a .stoppered weighing tube, 
from which, when cold, the following quantities are weighed oil':— 

1. From O-.'i to 1 gramme for the determination of .sand, silica, iron, 
alumina, lime, magnesia. This quantity to be transferred to a platinteai 
crucible. 

2. About 2 grammes for total sulphi^ transferred eitlier to a flask or 
a platinum crucible, according to which method of determination is 
decided upon. 

3. From 1 to 2 grammes for sulphuric acid, tran.sferrcd to a beaker. 

4. About 4 grammes for pofeish and soda, to be transfen-ed to a 
platinum crucible of ample capacity. 

6. About I gramme for carbon dioxide, transferred to the evolution 
flask of the apparatus employed for the determination. 

Quantity No. 1 — Determination of Total Silica. —Gently rap the 
crucible once or twice on the bench to con.solidate its contents, jvhich 
should not be again disturbed, and ignite it, first at a gentle heat, qnd 
then strongly for from forty to fifty mi*.utes in the full heat cither of a 
muffle furnace or of a blast-lamp. With a foot-blower this last is rather a 
tedious operation, and we prefer to u.se a Swedish blast-lamp with a vertical 
flame which burns ordinary paraffin. If compressed air is available in the 
laboratory, the ordinary blast Bunsen burner may of course be employed, 
and this is quite as convenient as the Swedi.sh lamp. By this treatment 
the silicates are decomgo.sed by the action of the liraq. wLile the sand is 
practicallj unacted upon. When cold, the eontenis of the crucible are 
turnqd out into a platinum ^Ksh and triturated witH a little watel* until 
all tendency to set has'disappeared, using either a stout glass rod with 
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rounded end, or, better, a .small agate pestle. .Add dilute hydrocbloric 
acid in slight excess, and digest for a few tninutcs at a gentle heat. The 
crucible is rin.scd with a little dilute hy<lrochloric acid, aitd washed out 
into a dish. Tf the contents have not been disturbed, tliey will be found 
after ignition to have become.sligbtly con.solidatad, and A’iU drop out of 
the crucible in a lump, leaving onl}' a small quantity behind. Bvaj>orate 
the contents of the dish to dryness (a water bath is 8afe.st), and complete 
the drying bj' heating the di.sh in a hot-air oven for two hours at 150° C. 
When cold, moisten the contents of dish with strong hydrochloric acid, 
cover with a clock glass, and set aside for liftecui minutes. Add water, 
stir and break up any lumps if present, heat, lilter, and wuish precipitate 
well with hot water. 

One evaporation is not sufiicient to entirely separate the silica. The 
filtrate is evaporated to dryness, and treated exactly as in the first 
instance, the silica being eollected and washed on a separate filter. Both 
precipitates are strongly ignited over the blast-lamp in a platinum crucible 
and weighed. 

Si'jKtyalioii of Sand from the Silica prcvloiisli/ in Conibinatiini tuith 
llasen. — The contents of the crucible an; cai'efully transferi-ed to a 
j)latinuni dish and heated to boiling for some time, with a strong solution 
of sodium carbonate. 'J’he contents of the disli are allowed to .settle for 
a minute or two, after which tin* clear liquid is (h'cantcid through a small 
filter. The residue is again treati'd in the same manner wdth sodium 
carbonate solution, and the operation is repeated until it does not seem 
to ilecrease in bulk. The filter is kept well washed with hot water, and 
it is by preference enclo.sed in a hot-water jacket. The contents of dish 
are finally removi'd to the filter, and repeatedly w'ashed with hot water. 
If the wa.shing proceeds slowly, it is jii'obable that the solution, while 
filtering, has di'posited silica in the gelatinous state upon the filter. Tn 
this case the precipitate .should be washed out of the filter into the 
jilatinum di.sh, and again boiled with .solution of .sodium carbonate. It i.s 
always safe.st to pursue this course, as the silica has a great tendency to 
separate as the*solution cools. The precipitate is again filtered off and 
repeatedly wa.shed with hot wat#r, then witli water slightly acidulated 
with hydrochloric acid, finally with pure hot water. It is then strongly 
ignited over the blast-lamp in a platinum crucible and weighed. Its 
weight, deducted from that previously found, gives the weight of the 
sili(5i previously combinecl wdth bases, together with any free soluble 
silica that may have been present in the original sub.stanoe. The 
examination of f!lii.sjpret!ipitate will be referred to further on. 

DeterHiinaiion of f^ron and A lumina. —To the filfrate from The silica 
add aali^tle bromine, and boil. Allow tlie’^quid to cool, add ammonium 
hydrate in very slight excess, anA again boil tbe Kquid. The precipitate 
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of /erric and aluminiuVn oxides settles badly, but filtev.s rapidly, even 
without the aid of q .suction apparatu.s, and nothing is gained by allowing 
it to settle ahd wa.shing by decantation. Wash it once or twice on the 
filter with hot water, .setting aside the filtrate'and wa.shing.s, which 
should bo coHected in 'a Iwaker of ample* cajmcity. The precipitate is 
washed out of the filter into the beaker in which the precipitation was 
originally efi'ectod, and should be dissolved in a little dilute hydrochloric 
acid, with the arldition of bixunine. Ammonium hydrate is added in very 
slight exce.ss, and the .solution with precipitate is boiled. The precipitate 
is filtered off and well washed with hot water, the filtrate and washings 
Isdiig received in the Issiker containing the filtrate from the first precipi¬ 
tation. Care .shouhl be taken that this precipitate is sulliciently washed, 
as it retains triices of lime with great obstinacy. A small quantity of 
the washings should be colleeted in a test tube, to which a drop of 
ammonium oxalate is addc<l, the contents of the tube are boiled, and the 
tube with contents cooled by immersion in water, as traces of calcium 
oxalate do not .sejwu-ate fi'oni a liot solution. If lime is present, the eon-, 
tents of the test tube are rinsed into the beaker containing th(! filtrate, 
and the washing is continued until a .sample of the washing.s gives no 
trace of lime when tested as described. The second jwecipifcition .should 
never be Omitted. 'J’he precipitite of ferric oxide and alumina is dritsl, 
strongly ignitetl in a jilatiuum crucible, allowed to cool, and weighed. 
The filtrate is heated to boiling, sullicienCboiling solution of ammonium 
oxalate being iulded to convert all the lime and magnesia present into 
oxalates, ami the boiling is continued foi- two or three minute*;. This 
produces a granular precipitate which settles rapidly. The beaker with 
contents is set aside for a few hours. 

SejHiralioii of Iron and Alumina .—The ignited precipitate of mixed 
oxides i.s fused in a platinum crucible with acid sulphate of potassium at 
a low temperatuT'e. The melt is dissolved in hot water with a little dilute 
sulphuric acid, and is transferred to a flask fitted with an evolution tube 
in which is a Bunsen valve. The .solution is reduced by zinc, aijd the 
iron is determined by titration with permanganate. I’he aluminq is 
taken by difference. The results otttained by this methocl are not 
absolutely accurate, but are sulliciently so for technical purposes. 
Disturbing causes arc the presence of small quantities of titanium, 
phosphorus, and also mangane.se, if the precipitation has been effected in 
the presence of bromine. It i.s best to use bromine and separate it here, 
as it jvould otherwf.se appear in the precipitates of lime and magnesia. 
If necessary, as perhap.s in the case of Roman oomqnt, it may be deter¬ 
mined in a separate portiop by the basic acetate jaethod. Titanium is 
rpduced by the action of nascff-nt hydrogen; hence, if zinc is employed to 
reduce the ijolution, tlie result for iiam will be slightly high. Exact 
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results may be obtained by reducing with hydrogen sulphide, boiling,olF 
the exco.ss ih a stream of carbon dioxide aftd titrating ^'ith permanganate. 
The titanium may be determined in the .solution after titrfftion for iron, 
by Weller’s colorimetric method.* ^ 

If preferred, the iron may bo determined •gnivim5ti*cally by the 
following nietlnxl;—The solution containing the mixed oxides, after 
fusion, i.s allowed to fall drop by di’up witli constfjjit stirring into a strong 
hot solution of pure sodium hydrate, contained in a porcelain, or, bettei', 
a platinum dish. The contents of the dish are boiled, diluted considerably 
with water to avoid destruction of the tiltt'i- paper, filtered, and the 
piecipitate is repeatedly washed with hot water. It is very difficult to 
free it from adhering alkali. After well washing it is washed out of the 
filter, dissohed in a little dilute hydrochloi ie acid, ammonium hydrate 
added iir very slight excess, boiled, the precipitiite filteied oil’, well 
washed, dried, ignited, .and weighed. There is always a risk that this 
precij)itate may contain traces of alumina, and for very accurate w'ork 
,we prefer to preeijutate the iron a secoml film' wifh .sodium hydrate, 
well waslnng the precipitate, and finally precipitating wdth ammonium 
hydrate. 

If it is desired to estimate the alumina directly, the preeijutate of 
niixed oxides filtered from the .solution contaiiiing the lime and magnesia 
is not ignited, but is dis,solved in a little diluti' hydiochloric acid, and 
the iron is determined as above. The filtrates and washings arc rendered 
acid with hydrochloric acid, a crystal of jiofassiuni chlorate is added to 
destroy any organic matter which might be juesent, and which would 
interfere with the comjileti' preeijiitation of the alumina, and the .solution 
i.s concentrated I'onsiderably. Ammonium hydrate i.s added drop by 
droj) until the solution is just alkaline, and it is then boiled until a strip 
of moist turmeric jiajier held in the .steam does not become brown. The 
precipitate is filtered off, repeatedly washed with hot water, dried, and 
ignited strongly over the blast lamji in a pl.atinum crucible until the 
weiglit is constant. 

^cterminaHcm of Lime .— The supernatant liijuid f'roiii the jirecipitate 
of calcium oxalate is decanted ov>%r a filter, and the preeijiitate is washed 
two or three times by decantation. It is di.s.solved by heating with dilute 
hydrochloric acid, the solution is rendered alkaline with ammonium 
hydrate, and boiled after^mldition of a few drops of amnioniuiu oxalate. 
The beaker with contents is set a.side for a couple of hours, the clear 
liquid decanted over the previous filter, the jirecipitate w’ashe^ tw'O or 
three times by Recantation, finally transferred to f Iter, and well w'a.shed. 
The preefpitate shoulcl be washed with cold >^tc>r, asJt is slightTy soluble 

* * • 

*BerfDetUsch. Ckem. Gesetl., 1882, vol. xv., jt. 2593^alistracted in the Journat 

Satiety of Chemical Imbtelry, 1882, vol.*i., p. 506. 
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in ]iot water. It is drfed, strongly ignited over blast-lamj) in a platinum 
crucible to constant weight, and weighed as caustic lime. ' 

If preferrol, the lime may be weighed as carbonate. The precipitate 
is dried in the steam oven, separated as far as possible from the paper 
which is comjddtely incinerated in a coil of platinum wire, and together 
with the ash of filter gently heated to very low redness in a platinum 
crucible. Care should^ bo taken not to overheat the crucible. The 
transition from oxalate to earbon.ate is indica . d by the blackening of the 
precipitate, the colour of which immediately afterwards changccs to white. 
The contents of crucible are, when cold, moistened with a saturated solu¬ 
tion of ammonium carlxmate, and carefully evaporated to dryness at a 
gentle heat. The crucible is then heated short of redness, and when cold 
is weighed with its conhmts. 

Deferminalion of Magnesia. —I’he fdtrate and washings from the cal¬ 
cium oxalate are concenti'ivted until ammonium salts—formed during the 
progress of the analysis—begin to crystdlise out. To save time this 
operation may be commenced as soon as a sullicient quantity of filtrate, 
has been obtaine<l from the first precipitation of the lime. The ammonium 
•salts are be.st cxiH'lled before precipitating the magne.sia. To effect this 
two methods are ax ailable. 

1. The eoncentrateil solution is washed into a fla.sk, strong, puVe, 
nitric acid is added, and the flask is gently heated. A violent reaction 
takes place on heating, and the deconifiDsition of the ammonium .salts is 
comjileto xvhen the reaction ceases, and i.s not repeated on the addition of a 
few c.cs. of nitric acid. The contents of flask are boiled down, carefully 
evaporated to dryness on a sand-bath, heated with a little water and a 
few drops of hydidchloric acid, and washed out into a small beaker. 

2. The concentrated solution i.s transferred in small quantities to a 
platinum dish; carefully evaporated to dryness, atid gently ignited until 
the ammonium s.alts are entirely expelled. The residue is heated with 
water and a few drops of hydrochloric acid. 

The hydrochloric acid solution in either case is rendered distinctly 
alkaline with ammonium hydrate. Should a milky pi'ecipitate separatq. it 
consists of magne.sium hydrate, and a tow drops of ammonium chloride 
solution should be added to dissolve it. Two drops of ammonium oxalate 
solution arc added to ensure the complete separation of lime, and the 
solution is boiled. A slight white precipitate separates in flocks. It 
consists mainly of silica and alumina, principally derived from the glass 
and porcelain vosseW used for the analyses. Manganese, if present, will 
be separated here. Itf. presence is indicated by the,precipitate turning 
brown on exposure .to air., When cold the solution is filtered and the 
precipitate is disregarded. Tlhe magnesia is now present in a clesr con¬ 
centrated solution, free'from excess of*'ammonium salts. It is rendered 
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strongly alkaline with ammonium hydrate, solution of sodium pho.spljate 
is added in’excess, the mixture is well stirred and ^jet aside for twelve 
hours. The precipitate is filtered oft’ and washed with'a mixture of 
3 parts water and 1 part of strong ammonium hydrate until a few drops 
of the filtrate, rendered slighWy acid with nitric Jlcid, give bo opalescence 
on the addition of a few drops of a .solution of silver nitrate. The pre¬ 
cipitate is dried, separated from the filter, and tjjiinsferred to a jil.itinum 
crucible. The filter is completely incinerated in a coil of platinum 
wire, the a.sh being allowed to fall upon the precipitate. The crucible 
is ignited, at first g('ntly, finally at the full heat of the blast-lamp. The 
magnesia is weighed as pyT\)])bosphate. 

Some analysts do not r(!mo\e ammonium .salts, but precipitate 
magnesia in the mixed filtrates and washings from the lime after con¬ 
centration to a moderate bulk. When time permits aiul for accurate 
work they .should always be got rid of by one of the methods descrilKsd 
as a cleaiKU- precipitate is tlu'reby obtiined. Now that many speeiflea- 
»tions limit the <iuantity of magiu'sia in Portland cement, often allowing 
only a very small percentage, it is especially importiint that this consti¬ 
tuent .should be accurately determined 

Quantity No. 2— Dcti'nninatimt <>/’ Tuhtl SHlphur.—'Swn methods are 
atailablc—(«) by oxidation with nitric acid oi' other liquid oxidising re¬ 
agents, or (i) by fusing with an oxidising fusion mixtiiie, the sulj)hur in 
each case being com erted into .sul])huric acid. 

(a) By Oxidaliim in the Wet Way. —A little, water and dilute hydro¬ 

chloric acid are arlded to the weiglied quantity in ilask to expel carbon 
dioxide. As small a quantity .as possible should be used. Strong 
fuming nitiic acid is then added, and the flask is gently heated on a 
water-bath, a small funnel being placed in the mouth to avoid loss by 
spirting. A little powdered chlorate of potash is added in small portions. 
When th(5 oxi<lation is judged to be complete, the contents of flask are 
washed out into a porcelain dish, a little chloride of sodium is added, and 
the contents of the di.sh are evapor,ate.d to dryness. When cold, a little 
stjpng hydrociiloric acid is added, and th(! solution is again evaporated to 
dryness. The nitric acid is repliced by hydrochloric .acid by repeating 
this operation once or twice, and tlie residue is finally taken up with 
hydrochloric acid as in the separation of silica. Water is .added, and the 
precipitate is filtered ofl^ The filtrate is boiled, a little boiling solution 
of bariuoi chloride added, and the boiling is continue.! for several minutes. 
The beaker is set a.side for a few hours, the prccipitaite is then filtered off, 
wa.shed, dried, igny^ed^and weighed. a 

(b) The weighed ^juantity in the platini^ crucible is inixfed with a 
little fusion mixtufe, composed of four p^|jt.s of sodium carbonate to one 
part of potassium nitrate, by cartfully stirring with a rounded glass rod,, 
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and is fused at a f;(!ntle heat. Tiiis fusion is best done with a Berzelius 
spirit lamp, or a iSv^edish lamp. Tf coal gas is used, care must be taken 
that the contents of the crucible are not contaminated with sulphur from 
the flapie. The lower part of the crucible should 'be inserted into a hole 
cut in a piece •)f‘'asbe.sto.‘?’millboard, which it should accurately fit. When 
cold, the melt is boiled out with water, and evaporated to complete dvy- 
ness, after the mldition, of hydrochloric acid. The residue is taken up 
with hydrochloric acid and water, and the precipitate filtered off. The 
sulphuric acid is determined in the filtrate exactly as in 1. 

Quantity No. 3— Snlphur ocnm-ing as Sitiphuric Acid. —The quan¬ 
tity in the beaker is treated with a little wiiter and dilute hydrochloric 
acid, and is heated to expel carbon dioxide. The precipitate is filtered 
off, washed, and the sulphuric .acid is determined in the filtrate in the 
manner previously described. The sulphuric acid found here exists mo.st 
probably in combination with lime as calcium sulphate, and to this it is 
usually calculated. The peiwntage of sulphuric acid found here is 
deducted from the ])erccntiig(! found in the quantity taken for total 
sulphur-. From the dilferencc, the sulphur present as .sulphide is cal¬ 
culated to ferric sulphide, FeS,j. Care should be taken that the reagents 
used for these determinations are themselves free from sulphur. 

Quantity No. 4— Determination of tlie Alkali Metah. —The.se are be'itt 
determined by Professor laiurence Smith’s method, of which we give a 
brief summary. Full details will be foffful in Crookes’ lieleet Methods in 
CItemical Analysis. 

The silicate is fused with its own weight of pure ammonium chloride 
and six times its weight r>f pui-e calcium carboiratc, prepared by precipi¬ 
tation with ammoitium carlamate fi-oni a hot solution of the pure chloride, 
the precipitated calcium carbonate being filtered off, well washed, and 
dried. 

It mu.st bo remembered that the .silicate forms only a portion of the 
materials, the analyses of which we are considering, and that a con¬ 
siderable quantity of calcium carbonate is already present. Thin fact 
should bo taken into account when calculating the quantities of ammonivm 
chloride and calcium carbonate to be ahded. Thus in a ceipent mixture 
containing, as it would do, about 75 per cent, of carbonate of lime, it 
would only be necessary to add ammonium chloride to the extent approxi¬ 
mately of one-quarter the weight of the substance taken, and calcium 
carbonate equal to three-fourths of its weight. «- 

The required quantities of ammonium chloride and calcium carbonate 
having been weighed qff, they are intimately mixed jn a small mortar, 
and added 'to the wpighed quantity of the .substamie in the crucible, the 
contents of which are thoroughly mixed by stirring' with a smalF glass 
rod- or spAtula. The mixture is then heated, at first gently, and finally 
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to full redness for an hour over a blowpipe fla.ne. When cool, the 
crucible with'its contents is placed in a pla^iinuui or porcelain dish, water 
is added, and the contents of dish are heated. The sintered'ntas,s, after a 
time, becomes detached from the crucible and disintegrates. The contents 
of the crucible are then wasl^id into the di.sh. •AV’hen tompletely dis¬ 
integrated, the contents of the dish are filtered, and the precipitate is 
well Avasbed. The precipitate is rejected, the filtrate contains the 
alkalies, together with lime and .also magnesia, if present, as it almost uni¬ 
versally is in limestone. The liquid is heated, .after ammonixim hydrate 
and ammonium carbonate are addeil in slight excess, together with a 
few drops of ammonium oxalate, and it is then filtered. The filtrate and 
wiishings are concentrated in a porcelain beaker or large porcidain dish 
until ammonium .salts begin to crystallise out. The contents of the dish 
arc then wa.shed into a wide-mouthed flask of ample capacity, and strong, 
pure nitric acid is added in suflicient <juantity to decompo.se the ammonium 
salts present. Tin- flask is heated until the reaction is at .an end, and the 
y)ntent.s an; evaporated upon a sand-bath to complete dryness. Professor 
Smith proposes as an alternative course to ellect the evaporation in a 
porcelain dish, after the decomposition in the Ha.sk is complete; stating 
that the di.sh should be of Berlin por<;elain. Our own experience is that 
unless it is of extremely good porcelain, the di.sh is iicted upon to a con- 
.siderable extent by the acid solution. The I'esidue is boihid with baryla 
w.ater to remove magnesi.a, .and filten^d, the excess of baryta being 
retnoved from the filtrate by heating with .ammonium hydrate and 
carbonate. The precipitiite is filtered off, and the filti'ate is evaporated 
to comph'te drynes.s, after the addition of a few drops of dilute hydro¬ 
chloric acid in a weighed platinum dish. The dish is carefully heated in 
a sand-lxith 1x) ensure pei-fect dryness, and when cold it is weighed. The 
mixed chlorides are separated as follows :— 

Separation of the Chlorides .—The contents of the dish are dissolved in 
water, a few drops of hydrochloric acid are xulded, together with platinum 
chlori(j^ in excess. The dish is heated on the, water-bath until the 
contents are in S semi-fluid pasty condition, a little alcohol is then added, 
an/ the di.sh is gently .shaken to mix the contents. The double salt of 
platinum and potassium, K^PtCl^., crystallises out as tlie liquid concentrates 
on the water-bath. If the liquid becomes colourless, or of a v(*ry pale 
straw colour, sufficient'platmum chloride solution has not been added. 
"W hen th^ precipitate has^settled, the supernatant liquid is dticanted off 
and passed through a filter that has Iwen previously? washed, ttried at 
100 C., and wei^ied. Ilie treatment witli alcohol ^is repeated once. The 
precipitate is then washed from the dish upon the filter with'-a jet of 
alcohol^ qontained in» a small wash-bottle, the washing being continued 
until the washings are colourlesst The paper with the precipitate is 
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dried at 100“ C., and weighed. The sodium chloride i.s taken hy 
difference. Both yhlorides arc* calculated to oxides. ' 

Quantitjl UTo. 6— Determmaf.i(m of Carbmt Dioxide. —This should he 
dcterpiined by the increase in weight of abaorptien tubes, and one of the 
best forms appaiatts for this purpo.so is that given by Fresenius,* 
which may be refei-red to. We ourselves use this apparatus, and it 
to give extremely accurate results. One iraj)rovement may Iks suggested. 
Instead of the U tubes fitted with corks or caoutchouc .stoppers employed 
by Fresenius, it will be found much more convenient to use those with 
glass stoppers and leading tulxss. 

Examinalimi of the Silica Inmluhlc in a Boilimj Solution of Carbonate 
of Soda. —This may consist entii'oly of .silica, or of .silica with some 
undccomposed silicate. For accurate work its nature should alwa.y.s be 
determined. Two methods are available ;— 

1. Aft('r weighing, six times its weight of fu.sion mixturt^ is added 
to tlie precipitiitc in the platinum crucible, and it is then thoroughly mixed 
with it by stirring with a rounded glass ro<l. The crucible is heated 
over a blast-lamp, at fii'st cautiously, fimally at full heat, and this heating 
is continued until all action ceases and tlu; contiuits remain in a state of 
Cidm fusion. Tlu^ fused substance is treated with dilute* hydrochloric 
acid, heated gently to expel carbon dioxide, and the .silica is determir.ed 
exactly as previously described. Basea if present—that is, if the silica 
was not pure quartz sand—are determimal in the filtrate. 

2. The precipitate is cautiously lasated in the platinum crucible, with 
a little pure* hyrlrofluoric acid and a few drops of sulphuric, .acid, .and 
evaporated to dryness. This treatment is i-epeated, the crucible ignited 
and weighed, and the silica estimated as loss. The residue contains the 
bases .a.s sulphates. The hydrofluoric iicid must be pure, and the operation 
must be entirely condueb'd in the ojien air, or the windows and all glass 
apparatus in the laborntoiy will be attacked. Fresenius suggests the use 
of fluoride of ammonium instead of hydrofluoric acid, but we have not 
ourselves tried this reag('nt. 

Tho Analysis of Olay and Shale. 

Gleneral Classification.—For the purpose of analysis, we may divide 
clay and .shale into three classes ;— 

1. That in which (alcium earlxinate is absent, or in which it occurs 
only in moderate, quantity, up to, .say, b or fi per cent. 

. 2. 'fhat in xvhifh calcium carbonate is present in quantities a.s large ' 
as from 20 to 70 p«c cent., as, for iastance, m gauft clay, the clays 
and shales of the. lias, atjd the shales of the carboniferous limestone 
iormation. 

* Qirant/tafive Aiuih/i^s, vol. i., p. 840. 
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3. Alluvial mud from the bank.s of tidal rivers,iiuch a.s Medway mij,d, 
in which caicium carbonate is either ahient or present only in small 
quantity, but which may contain chlorides and .sulphates of magnesium, 
and of the alkali metal.v. 

1. Analysis of Clay or Shale Containing Calcium Carbonate 
in Small Quantity. 

Initial Preparation. —The .samph' in the rough state is dried for some 
time in the .steam oven. It is then finely powdered, further dried in the 
steam oven for several hours, and preserved in a well-.stoppei-ed glass tulxu 

Potash, s(xla, ferric sul|)hide, calcium sulphate, and larbon dioxide are 
determined exactly as in the analysis of limestone. 

Dete niiination of Silica, Oxide o f Iron, Alumina, L ime, and Magnesia .— 
From 0'.5 to 0'8 gramme is weighed into a platinum crucible, and fused 
with six times its w’eight of fusion mixture. Some text-hooks advise the 
use of a large)' amount than this, which is doubtless necessary for certain 
silicates, hut our own experience shows that any of those occurring in 
cement materials arc entirely decomposed by fusion with this quantity, 
and it is always advisable h> introduce as littl<> foreign matter as possible 
into the substance under examination. The contents of the crucible, are 
fu.Xid, the fused mass is treated with dilute hjilrochloric acid, heated to 
expel carbon dioxiile, and evaporated to dryness in a platinum dish. The 
silica, oxide of iron, alumina, lime, and magnesia are determined a.s in 
limestone, except that the magne.sia is precipitated in the fdtrate from the 
lime—being concentrated if necessary -without removal of the am¬ 
monium salts. 

Sand may be determined as follows :—Alxmt O'.') gramme of the dry 
clay is weighed from the tube and transferred to a platinum ili.sb. Sul¬ 
phuric acid, diluted with its own volume of water, is added, the contents 
of the dish are strongly heated for about nine hours, then evaporated 
nearly to dryne.ss, and boiled with water. The sand and the .silica which 
was previously combined with l)a.ses are filtered off and well washed 
wi^h hot water. The matter is wa.shed out of the filter into the 
platinum dish^; the sand is then Separated, and its nature is determined 
exactly as in the case of limestone. 

Determination of Combined Water and Organic Matter. —Two suf¬ 
ficiently accurate methods^are available according to circumstances, viz.:— 

\a) A. weighed quantity, from 0-5 to 1 gramme, of the clay, after 
drying in tiio steam oven, is ignited over a blast-lamp until the height is 
constant. If ferric^ sulphide and calcium carbonate are absent, the loss 
may be sbt down as jv^ater and organic matter. I| ferric sutphide is 
present, 4be loss consists of water, organic if^tter, and sulphur, the latter 
being replaced by oxygen; the iffon, previously ih combination with it, 
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existing now as ferric oxide. ITie loss per cent, on ignition requires, 
therefore, to be diminished bf the percentage of ferric sulphide in the 
clay, and increased by the equivalent quantity of ferric oxide. If calcium 
carlmnate is present, the percentage of carbon dioxide must of cour.se be 
deducted fnm the total percentage of-loss. If ferric sulphide and 
calcium carbonate are both present, the method (i) should be adopted in 
preference. 

(6) From O'!) to 1 gramme of the dried clay is treated in a beaker or 
evaporating dish with water and very dilute hydrochloric acid in very 
slight excess, warmed gently to expel carbon dioxide, rendered slightly 
alkaline with ammonium hydrate, heated to boiling, and filtered through 
an ashless filter paper, which has been previously dried in the steam oven, 
and weighed. The residue on the filter is well washe<l, dried with the 
filter paper in the steam oven for two hours, and again weighed. From 
the loss of weight after ignition, less the weight of filter paper, the loss 
per cent, is calculated. This .should he corrected for ferric sulphide, as 
described under method (a). 

2. Analysis of Clay or Shale Containing Calcium Carbonate 
in Considerable Quantity. 

Preparation. —The sample is prepared for analysis as in 1. i 

Peterminatio^i of Potash and Soda, Ferric Sulphide, Calcium Sulphate, 
and Carbon. Dioxide. —These are dotelfained exactly as in limestone in 
separate portions of the dry clay. 

Combined Water and Organic Matter. —About 1 gramme of the dried 
clay is weighed, transferred to a beaker or evaporating dish, water is 
added, and then dilute hydrochloric acid, in very slight exce.ss; the mix¬ 
ture is heated to expel carbon dioxide, ammonium hydrate is added in very 
slight exces.s, the whole heated to boiling, filtered through a dried and 
weighed filter paper, well washed, dried in the steam oven for two hours, 
and weighed. The weight, loss that of the filter paper, is that of the 
actual clay in the quantity taken. It is strongly ignited with the filter 
paper in a platinum crucible, and again weighed. Its weight, deducted 
from that previously found, le.ss thatf of the filter paper, is that of the 
combined water and organic matter, which should be corrected if ferric 
sulphide is pre.sent. 

Lime and Magnesia as Carbonates. —Thc.so' are determined in the 
filtrate from the clay exactly as in limestone. 

SUusa, Oxide of'Iron, Alumina, Lime, and Magnesia as Silicates. —The 
clay,’after ignition, is fused in the platinum crucible, and these con¬ 
stituents are determined exactly as in the first method for clay. 

iSond.-^This is determined in about 1 gramme of the original clay by 
the metihod previously described. « 
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3. Analysis of Hedway or Salt Water Mud. 

This may be analysed by the first ftjethod giv(jn for clay. The 
analysis of Gillingham mud, given in the next chapter, was made by the 
following methofl, which may b(! employtsl if a more detailed examination 
is required:— ♦ • 

J'reparation .—This material is prepared for analysis as in the previous 
instances. ^ 

About 8 grammes of the dried claj’ are weighed oft‘, digested with 
water, treated with a few drops of dilute nitric acid, filtered through a 
weighed filter paper, well washed, dried in the steam oven, and weighed. 
'Phe filtrab; is made up to one litre. 

The clay is separated from the filter jiafHU’, finely powdered, and 
preserved in a tube. Sand, silica, oxide of iron, alumina, lime, magnesia, 
ferric sulphide, potash, soda water, and oi’ganic matfi'r are estimated in 
portions of this, as in the case of No. 2. Carbon dioxide, if pi-e.sent, is 
sletcrmined in a portion of the original clay. 

• 2.’)0 c.e. of the filtrate from the clay are taken for the determination of 

silica, oxide of iron, alumina, lime, and magnesia. 

2.50 c.c, are taken for the detennij stion of the alkali metals. The 
<|uantity is transferred to a beaker, rendered alkaline with ammonium 
hydrate, heated to boiling, ammonium carlxmate is added to seiMirato any 
lime jire.sent, and the solution is filtered. The filtrate is evaporated to 
(liyness in a platinum dish, and the ammonium .salts are removed by 
genth' ignition. The rc.sidue is boiled with a little baryta water, filtered, 
the excess of baryta being separated from the filtrate with ammonium 
hydrate and ammonium carbonate, again filtered, and the filtrate evapo¬ 
rated to conqilete dryness in a weights! platinum di.sh. After being 
weighed, the mixed chloride's are evaporatetl with platinum chloride, as 
tlescribed in the analysis of limestone. .Sulphuric acid is determined in 
200 c.c. of the solution. 200 c.c. are rendered neutral or very faintly 
alkaline with sodium carbonate, a few drops of potiissium chromate 
solutiqp are atlcled, and the chlorine is determined by titration with 
stajjidard silver nitrate. 

The Analysis of Portland Cement. 

Determination of Silica, Oxide of Iron, Alumina, Lime, and Magnesia. 
—These are determined exactly as in the case of limestone or the mixture 
of raw materials, in from 0-5 to 0‘8 gramme of the finely-powdered 
cement. Previous ignition is not nece.s.sar)', as the silica separates 
entirely as a gelatinjjus hydrate on heating and digg-sting the cement with 
hydrochloric acid. Bqfore adding this acid t^e weigljed quantify should 
be tritifrated with a little water until all tei^ency to set has disappeared. 
The iron may, if preferred, be d^rmined in a Separate portion of the 
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CQTnent, by which means the troublesome bisulphat© of pota.sh fusion of 
the mixed oxides js avoided. ^From 1 to 2 grammes of thV; cement are 
weiglicd off, boile<l with dilute hydrochloric acid until decomposed, the 
solution reduced, and titrated with .standard hichromatt'. Or the hydro¬ 
chloric acid sotution is i'endered slightly alhaline with ammonium hydrate, 
boiled, the precipitate filtcrcsl off, washed out of the filter, and dissolved 
in dilute sulphuric acid. The solution is reduced by zinc or hydrogen 
sulphide, and the iron is determined by titration with permanganate. If 
hydrog(in sulphide is employed for tlni reduction th(i exce.ss is lanled off 
while pas.sing carbon dio.xide through the flask. 

De.terminalion of Ferrous Iron .—A weighed quantity of from 4 to .') 
grammes of cement is triturati'd with excess of water in an evaporating dish 
until all tendency h) set has cea.sed, when a little bicarbonate of soda is added. 
The mixture is washed inte a flask with a double-bored stopper', through 
one hole of which passes a funnel or thistheheadrrd tube with stopcock, 
through the other a tube fitteil with a Bunsen valve. The (;einent is 
decomposed by heating with hydrochloric acid, which is admitted to thf 
flask by tlu; funnel tube, and the ferrous iron is determined by titration 
with standard bichromate. 

Deterniiruition of Insolnhle Silicn and Sulphuric Acid .—In all cements 
a portion of the silica is in.solublo in a boiling .solution of sodium « u- 
bonate, and is, <x)nsoquently, inactive. In analysis results such .silica is 
frequently de.soribod as “in.soluhle leslilue.,” and in cements of good 
quality it rarely exceed.s from 1 to 2 per cent. A weighed quantity of 
about 1 gramme of the cement umler exannnation is decomposed by 
hydrochloric acid in a porcelain or platinum dish, evaporated to dryness 
on the water-bath, the .silica .separated and filtei'cd off, and the sulphuric 
acid determined in the filtrate by precipitation with barium chloride, an 
previously described. The evaporation to dryi’e.ss is not absolutely 
necessary, but the time occupied is saved by the more ready filtration. 
The silica is washed out of the filter into a platinum dish, and the 
'insoluble portion is determined by boiling with solution of carbopate of 
soda. The percentage, found is deducted from that of the'total silica. ^ 

Determination of Sulphide Sulphur.*—khowi •') grammes are taken for 
the determination of sulphur existing, combined with calcium, as calcium 
sulphide. The weighed quantity is triturated in a porcelain dish with 
water to a thin slip until it shows no further tendency to set. It is 
washed into a flask fitted with a doubly-bored rubber cork. ^ A funnel 
tube paSses througb one of the holes, and reaches nearly to the bottom of 
the fl^k; one limb of,.a tube bent twice at right jingles *is inserted in the 
other hoie, reaching only just through the cork.^ llie other'limb dips 
into a soVntion of cadmium cWoride contained in a beaker or a ta^marrow 
c^Under.; It sbouid vfeacb ueariy to tbe bottom of the vessel. Hydro. 
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chloric acid is passed through the funnel into th^ fl8.sk, which is gently 
heated until iihe cement is entirely decornffosed, the coytents being Anally 
boiled. The contents of the bejiker are passed through a filter that has 
been previously washed, dried at lOO'C., and weighed.* The precipitate is 
well washed and dried with th» filter at 100° C., the perceiftage of calcium 
suljj)hide being calculated from the weight of the cadmium' sulphide. 

Potash and Soda. —The.se are determined by Lawrence Smith’s method, 
as before. 

Determination of Carbon Dioxide and Water .—A weighed (juantity of 
about 0*5 gramme is strongly ignited in a platinum crucible to constant 
weight. The loss, generally de.scribed in analy.sis results as “ loss on 
ignition, is considered to bo carbon dioxide and water. Carbon dioxide 
alone may be determined by tins apparatus devised by Dr. Fresenius, 
previously referred to. l'’rom 4 to 5 grammes should be taken for the 
determination, which should be triturated with water before being 
transferred to the evolution flask. By a modificiition of this apparatus, 
as use<l for the analysis of black ash,* both carbon dioxide and sulphur 
existing as sulphide may bo determined at one and the, same operation. 

The Analysis of Lime. 

Hydraulic lime may conveniently be analy.sed by the method given 
for Portland cement. With comparatively pure limes the method 
selected must depend upon what is reejuired to be known regarding them. 
Frequently a determination of lime alone, or of lime and magnesia, is all 
that is needed. A weighed quantity of about 0*5 gramme is dissolved in 
hydrochloric acid, the solution is rendered slightly alkaline with ammonium 
hydrate, boiled, and the precipitate of silica, oxide of iron, and alumina 
filtered oil’, dried, ignited, and weighed. Lime and magne.sia may be 
determined in the filtrate. The loss on ignition should not bo neglected 
in any analysis of lime. By determining also the carbon dioxide, the 
mtual lime and that present as carbonate and as hydrate may be stated 
in the^esults. If it is required to determine the silica, oxide of iron, and 
alumina, about* 2 grammes should be taken for the analysis, and these 
constituents may be separated as In Portland cement. The filtrate from 
the oxide of iron and alumina is made up to 1 litre; 250 c.c. are taken for 
^he determination of lime and magne.sia, and 500 c.c. for sulphuric acid. 

^ 0 ( 68 . In many cases il^will not he necessary to completely analyse cement or 
:ement materials. An accurate determination of some of the prineipal constituents 
is frequently all that is required. A double evaporation t» separate silflSa should 
ilways be made, af also a Rouble precipitation of the oxide of iron and alumina, if 
ime and magnesia ar» present. It should also be remembered that a jingle pre- 
iipitation effects only^aVeiy imperfect separatiowof magftesia from hme. The 

leterminfttioii of carbon dioxide is often omitted,«as it is assumed that the whole of 

—®-- 1 __ _ 

* Fresenius, Quantitative AnaiysiSf voL ii., p. 234. *■’ 
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th^ lime and magnesia is present as carbonate. Tliis is not strictly true, as a portion 
of these substances, ,althoug!i oft^n a small one, exists as silicatd^, especially in 
hydraulic limestones. Further reference to this will be made in the following 
chapter when dealing with rapid methods of determining carbonate of lime in raw 
materials and miT^tures. 1^ some materials sulphur in any form occurs in such small 
quantity that fur practical purposes its presence may be disregarded. When dealing 
with lias materials it must not be ignored, ns some of the be<l8 contain iron pyvtos 
in such quantities as to upiit them for the purpose of cement manufacture. The 
same may l>e said of many of the carl>oniferous limestone shales, while gault clay 
frequently contains notable amounts of selenite. A perfect method of cement 
analysis has yet to be devised. In the present state of our knowledge wo can only 
make an ultimate analysis, and determine the percentage of each constituent. They 
undoubtedly exist in combination, but no method of proximate analysis by which 
these compounds may l)e separated and determinod is as yet known. 

Taken alone, the analysis of Portland cement is no indication of its quality. It 
may agi*oo in ultimate composition witli cement that has Iiecn proved to bo of tbe 
highest quality, and yet itself be faulty. Chemical analysis will show if it has been 
made from suitable materials, if they liavc been combined in the con*ect proportions, 
and if certain constituents—such as magnesia and sulphuric acid, an excess of which 
would be likely to give trouble—are witliin the proper or the recpiired limits. It is 
also possible by this means to detect most forms of adulteration. Tlie analysis will 
not show if the constituents of the raw mixture, although in tbo correct proportions, 
have been properly ground or uniformly mixe-d, or even if ilie cement has been 
sufiicioiitly burned. To determine these points, and to obtain complete infornml^ipn 
os to the properties of Portland cement, recourse must bo had to mechanical tests, in 
addition to chemical analysis. 

Cement Adulteration. 

Detection of Adulteration .—The admixture of Portland coiuent with 
less valuable materials is not commonly practised in this country. 
Attention was first callecl to the subject about nine years ago, when 
certain manufacturers in the London district were found to be grinding 
Kentish rag—a siliceous limestone—with their clinker. The practice 
in question is, however, of much older date than this. So far back as 
1871, John Glover, the inventor of the Glover Tower, so well known 
in the alkali industry, read a paper before the Chenpeal Society of 
Newcastle-upon-Tyne “on the adulteration of Portland Cement ^vith 
slags.” In 1882, attention was calletf to the subject at,a meeting of 
the German Society of Cement Manufacturers, and it was declared 
to be a fraud upon the purchaser. Experiments were undertaken 
by Messrs. R. k W. Froseiiius at the request of the Society,* ^.and 
certain Jj^les for its detection were laid down. The subject wSs investi¬ 
gated , in this country by Messrs. Stanger & Bloupt, with special 
reference to the addition of Kentish rag. t 

The choice of materialstfor this purpose is necessarily limit^, as they 
n^ust* be of low cost, and they must not affect the colour of the cement. 
t* Zeit8chr\ft fiir ai\alyti8ch<‘Chemiet vo\, yixiii.tVib* 
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Among possible ingredients are cei’tain limestones, sandstones, old fire¬ 
bricks, hard .shales, and blast-furnace slag.* The addition of sandstone, 
siliceous lime.stone, shale, or firebrick is easily detected by the detel'min- 
ation of insoluble residue. This, in a normal cement, does not exceed 2 
per cent., and is generally less* If higher than 2*per cen»., the addition 
of some siliceous substance may bo taken for granted. 

5.'he los.s on ignition in well-burned and matured cement rarely exceeds 
2-5 per cent. If limestone has been added, it -sAll certainly be greater 
than tliis, while the addition of an impure limestone will also result in a 
high percentage of insoluble residue. 

Adulteration by blast-furnace slag is not easily detected, as many 
slags apjiroaeh very closely in their composition to that of Portland 
cement. Owing to the presence of sulphur as sulphide and ferrous iron, 
Messrs. Fresenius found that the reducing action of slags, when titrated 
with potassium permanganati', was much greater than that of pure 
Portland cement. Of 12 samples of pure cements experimented upon, 
the quantity of permanganate, reduced by 0-1 gramme, varied from 0'79 to 
2-8 milligrammes : of i> saiuj)lcs of slag, from 44-3i to 74"0 milligrammes. 
From these results they say that the w- ight of permanganate, reduced by 
1 gramme of cement, should not exceed 2‘8 milligrammes. This is dis- 
, pu‘ed by Dr. Mieliaelis,* who experimented with 5 samples of pure 
cement. No. 1 required IDC, No. 2 3’.3, No. 3 19'9, No. 4 14'7, and 
No. 5 1'2 milligrammes of pcirmanganate. The I’resenius test would 
condemn all these except the last. 

Symrols and Atomic Wkioiits of thk most Impoktant Elkments. 


From thd Tabh of IntematioiuU Atmnic Weig/Utt. 




0 1= 1«. 

ir = i. i 



0 =1G 

n=i 

Aluminium,. . 

A1 

27-1 

26-9 1 

Lead, .... 

pb 

206-9 

205-36 

Antimonv, . . 

Sb 

120-2 

119-3 

Lithium,. . . 

Li 

7-03 

6-98 

Arsenic, . . . 

As 

75-0 

74-4 

Magnesium, 

Mg 

24-36 

24-18 

Bariam, . . . 

Ba 

137-4 

1.36-4 

Manganese,. . 

Mil 

65-0 

54-6 

BismAh,. . .• 

Bi 

208'5 

206-9 

Mercury, . . 

Hg 

200-0 

198-6 

^ron, . . . 

l^omine,. . . 

B 

11 

10-9 

Kickel, . . . 

Ni 

58-7 

68-3 

Br 

79-96 

79-.3# 

Nitrogen, . . 

N 

14-04 

13-93 

Cadmium, . •. 

Cd 

112-4 

111-6 

Oxygen, . . . 

PhosphoruB, 

0 

16-00 

15-88 

Calcium, . . . 

Ca 

40-1 

.39-8 

P 

.31-0 

30-77 

Carbon, . . . 

C 

12-00 

11-91 

Platinum, . . 

Pt 

194‘8 

193-3 

Clilorinc,. . . 

Cl 

35-45 

35-18 

Potasaium, . . 

K 

39-15 

38-86 

Clmomium, . . 

Cooalt, . . 

Copper, . . . 

Cr 

52-1. 

.51-7 

Silicon, . . . 

Si 

28-4 

28-2 

Co 

59-0 

.58-56 

Silver, . . . 

Ag 

107-93 

107-12 

Cu 

63-6 

63-1 

Sodium, . . . 

Na 

23-06 

. 22-88 

Fluorine, . . 


19 

18-9 

Strontium, . . 

!Sr 

87-6 

86-94 

Gold. 


197-2 

195-7 

Sulphur.. . 

8 

32-06 

31-83 

HydrOKcik, . . 

H • 

1-008 

1-000 

Tin; . . . *. 

Sn 

119-0 , 

118-1 

Iodine, . . . 

I 

lt6-85 

125-90 

Titaniun)i . . 

m 

48-1 

47-7 

Iron, T«. . . 

• 

Fo 

» 65*9 

55-6 

f 

Zinc, . . . 

• 

Zn 

65-4 

64-9 


Thotmtd, Zeit,, vol. xxiv. (59), p. 860. 
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Factors for use in Cement Analysis with their Looakithms. 

f . . * 

^Calculated frofn the Atmnic Weights in the International Table —H=l. 


Found. 

Sought. 

r 

Factor. 

Logaiithm. 

]{a 804 

CaSO^ 

■mi 

T-7657430 

I{aS 04 

CaS 042 H ,0 

•7374 

1-8677031 

BaS 04 

' S 

•)37.S 

1 1.376705 

BaS04 

SO, 

•3420 

1 •.5351675 

BaSO. 

H 2 S 04 

•4206 

1-62,38693 

2BaS04 

FeS, 

•2570 

1-4099331 

CdS 

CaS 

•4994 

“1-6984485 

CdS 

s 

•2219 

1-3461573 

GdS 

CaSO, 

•9422 

i-9741431 

CaO 

CaCOg 

r7843 

0-2514679 

CaO 

CaS 04 

2-4272 

0-3851056 

CaO 

CaS 042 H ,0 

3-0695 

0-4860676 

CaO 

CaOHjO 

1-3211 

0-1209357 

CaCOj 

CaO 

•5604 

1-7484981 

CaCOa 

CaS 04 

1 -3003 

0-1336347 

CaCOs 

CaS 042 H ,0 

1 -7-202 

0-2355789 

CaCOs 

CO, 

•4395 

1-6429589 

CO, 

CaCOs 

2 *27oO 

0-3569814 

CaS 04 

CaS 042 ri ,0 

1 -2645 

0-1019188 

CaS 04 

SO, 

-5880 

1-7693773 

SO, 

CaS 04 

1-7006 

0-2306022 

CaOHjO 

CaO 

•7569 

1-8790385 

Fe20s 

2FoO 

•8999 

T-9541943 

2FoO 

FejOj 

1-1112 

0-0457922 

FcjOj 

2FoS, 

1-5022 

0-1767278 

KcBj 

FcjOg 

■6656 

1-8232133 

FeSg 

Fe 

•4657 

1 -6681062 

FeS, 

S, 

•5342 

1-7277039 

MgO 

MgCO, 

2 0901 

0-.3201671 » 

MgCO, 

MgO 

•4784 

1-6797912 

Mg,P,0, 

2MgO 

•3624 

1-5591882 

Mg,P,0, 

2MgCO, 

•7575 

1-8793826 

KjPtCl, 

2KC1 

•3071 

T-4872708 

KjFtClg 

K,0 

•1941 ■ 

1-2880255 

2KC1 

K,0 

•6.320 

1-800717^ 

' 2NaCl - 

Na,0 

•5308 

T;7249309 
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CHAPTER VII. 

ANALYSES OF RAW MATERIALS AND PORTLAND CEMENT, 
CALCULATIONS OF PROPORTIONS, RAPID METHODS OF 
MAKING DETERMINATIONS, AND SPECIFIC GRAVITY. 

Contents. —Analyses of Raw Materials, Portland Cement, and Clinker—Calculations 
of Proportions of Lime and Ckiy—Rapid Methods of Testing—Calcimoter and 
Nitrometer—Direct Determination of Lime in Raw Mixtures—Speeidc Gravity. 

Analyses of Raw Materials.—The analy.se.s which follow have been 
selected from among othor.s made by the authors as being fairly repre¬ 
sentative of materials cither geners’ly employed in, or suitable for, 
the manufacture of Portland eement. In the clays and shales the un- 
c(jpibincd silica has not, in every case, been determined, as modem 
practice couclnsively shows that, if the mixture with carbonate of lime 
is suitably proportioned and ground sufficiently fine, sandy clays, or 
those in wdiich much of the silica occurs in the free state, may be suc¬ 
cessfully used, the whole of the silica being brought into the soluble form 
during the process of burning. Analyses of lias limestones have been 
given in an earlier section of the book. 


OATTIiT CLAY. 


No. 1 from. Arlesey, Herts; No. S from Sussex. 


% 

No. 1. 

No. 2. 

Silica (as fine sand), .... 

. 12-28 

16-35 

Silica^ combined, . . •. 

Oxide iron,. 

. 27-53 

28-08 

. 5-70 

7-47 

Alumina,. 

. 13-94 

15-08 

Lime,. . ... 

. 1-18 

1-08 

Magnesia, 

. 1-17 

-90 

CartPbonate of lime, .... 

. .30-73 

21-52 

Carbonate of magnesia, 

. 1«8 

1-lff 

Sulphate <S lime, ^ . 

. . , -52 

1-96 

Combined wadlir and organic matter,. 

. 5-02 

5-80 

JPotash and soda l^ot determined), , 

• 

. _ 

* 99-45 

,99-34 
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MEDWAY MDD. 

From GiMingham. 


Silica,. 

. 38-413 

1 As sand 

in an extremely 

Alumina, with trace of iron, . . 

. 1-856J 

fine state of division. 

Silicai . . . 

< 25-249 



Alumina,. 

. 14-244 



Oxide of iron,. 

. 6-7741 

Combined as silicate. 

Lime, . . ' . 

. -810 / 



Magnesia,. 

. 1-7-27 



Potash,. 

. 2-957 



Soda,. 

-773 



Water,. 

, 3-384 



Iron pyrites,. 

-214 



Silica,. 

-118 



Oxide of iron, with trace of oxide 

of 



manganese. 

-214 



Alumina, 

-123 



Calcium sulphate, .... 

-490 



Magnesium sulphate, 

-425 



Magnesium chloride. 

-024 



Potassium chloride, 

-524 



Sodium chloride, .... 

. 2-166 




100-455 



AiiLirviAi;^ 

CLAY. 



North of England. 



Silica (as Une sand), 



41-84 

Silica, combined, .... 



24-22 

Oxide of iron, .... 



6-80 

Alumina,. 



15-00 

Lime,. 



1-66 

Magnesia. 



1-43 

Sulphate of lime. 



•19 

Combined water and organic matter, 



7-95 

Potash and soda (not deterininod), 

. 

i 

99-09* 

BOITLDEB,, 

CLAY. 



From the Tyne. 



Silica (as fine sand), 



14-56 

Silica, combined, .... 



41-43 

Oxide of iron, .... 



10-66 

4 Alumina,. 



15-81 

Lime,. 


• t 

3-00 

Magnesia, . r . 


, • 

2-16 

Anlphate of Ijine, 

. f 


'•16 

Combined water and organic matter, 
•Potash, and soda <not determined), i 



10-64 


• • 





08-41 
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SH AIiEE. 

No. 1, Carhoniferout, South of Ireland; No. 2, Silurian, South of Ireland. 


Silica, 



No. 1. 

. 6i-05 

No. 2. 

09-00 

Oxide of iron, 

• 


. * 8-(M 

• 8-50 

Alumina, . 

. 


. 1606 

• ’]6-07 

Lime,. 



. 100 

•35 

Magnesia, . 



.. 1-58 

2-15 

Potash, 



. 3'44 

• 

Soda, . . 



. 1-61 

« 

Loss on ignition, 



. 4-29 

3 07 


* Not Determined. 

100 07 

99-14 


Cjiaijv and Limkstonb. 


No. 1. Upper or white chalk, . 
,, 2. Lower or grey clialk, . 

» 3 * 

„ 4. Carboniferous limestone, 

M G. 

M 7. 


Kent, England. 
a 

Kilkenny, Ireland. 
Charlestown, Scotland. 
>> 

Lancashire, England. 


tt 9. Cement rock, 


Lehigh Valley, Pennsylvania, U.S.A. 


IIesdlts of Analyses of Chalk and Limestone. 



No. 1. 

No. 2. 

No. :f. 

No. 4. 1 No. 5. 

No. fl. 

No. 7, 

No. 8. 

No. 9. 

Silica. . 


3-43 

7-98 

•93 

7-70 

2-15 

2-27 

1-25 

15-28 

Alunnita, . 

•23 

1-73 

2-86 

•25 

1-23 

•27 

1-46 

•32 

4-50 

Oxide of iron. 

Iron jiyrites, 
Sulphate of lime,. 
Caroonate of lime, 
Carbonate of 

■09 

1-02 

1-31 

•32 

1-65 

•42 

•79 

•23 

•21 

•13 

1-61 

98-37 

92-98 

86-45 

97-87 87-36 

95-97 

93-47 

95l)4 

7121 

magnesia,. 

• ^ 

•21 

•49 

•64 

•45 1 

1-92 

1-41 

1-42 

2-54 

6-67 

0 

99-74 

99-65 

99-24 

• 

99-82 j 99-86 

100-22,99-64 

1 

99 49 

98-27 


Raw Cement Mixtoees. 

No, 1. From white chalk and Medway mud. 

4» 2. ,, grey chalk a^d gault clay. 

»» 3. blue lias limestone and clay, 
n 4. „ carlwnifcrous limestone and clay. 

»» limestone and shale, Dublin ; and limestone from Kildare. 

„ 6. hard crystalline limestone and white clay,*New South Wi^es. 

** hf *> lower cafl)oniferou8 limestone, limastone shale, and fresh-water 
* river alluvium. 

All these, except the drst two, are dry process mixtures.^ 












BBsri/rs of Analyses of Raw Cement Mixtuees. 
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ANALYSES OP RAW MATERIa!^S. 

Po2iTLANi> Cement. 

From white chalk and Medway mud. * 

•> grey olialk and gaidt clay, 
blue lias limestone and clay, 
chalk marl and aliuvial clay, 
white chalk and boulder clay, 
carboniferous limestone, shale, and alluvial clay. 

carboniferous limestone and shale. * ” 

Results of Analyses of Vahious Samfle.s of Portlan 
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No. 1. 
2 . 
„ 3. 
4. 

„ 5. 
6 . 
7. 

„ 8. 



1 No. I. 

No. 2. 

No. :i. 

No. 4. 

Insoluble siliceou.s 
matter, . 

: 2-89 

I 1-23 

4*55 

1-65 

Silica, 

Alumina, . 

Oxide of iron, . 

* Lime, . . * 

Magnesia,. . [ 

Sulphate of lime, 
Water and carbonic 

i 21 -30 

1 6-.59 
! 5-38 

21 -33 
9-17 
4-16 

16-86 

6-36 

4-83 

21-79 

6-71 

4-62 

! 61*45 
•44 
1*42 

61-06 

1.32 

-so 

62-50 

2-36 

1-)S 

61-38 

1-65 

•80 

acid, 





^tash, 

Soda, 

~i3 

■73 

"■97 

•89 

•42 

•40 

-5-2 

•53 


100-32 100-20 

100-57 

100-02 


n Cf.ment. 


No. .?. 


1-33 

20-92 
7-46 
4-97 
59-CS 
1-34 
l-8(i 

206 


No. 6. 


1-49 


0 71 
4-03 
60-99 
2-29 
1-89 

1-70 


No. 1. 
„ 2 . 
3. 

.. 4. 

• > * 6 . 

f> /• 

8 . 

9. 

10 . 


* Not determined. 

Rotary Kiln Clinker. 

From Ransomo’s kiln. . . I890. ]>ry process. 


- No. 7. 

j 

No. 8. 

1-22 

1-40 

20-70 

' 19-74 

6-88 

5-97 

4-04 

4-73 

63-67 

62-88 

1-53 

2-63 

1-24 

1-54 

... 

•74 



* 

*■ 

L 

99-28 

99-63 


Riiderwlorf, n r. Berlin. 190.^. 
Thames. . 1902 

'}i903; 

^hames. , . ^ j qqo 

Sussex. . . ■ i 9 oj‘ 

, Medway. . . • jgQj 

''tfvanl‘:“'^^’.'’^”“:[l898. 
Thames. , , 1903 

Medway.' iggg' 


Wet 


Dry 

Wet 


Fuel, producer gas. 
powdered coaL 


oil. 

powdered coah 







Asaltses oe Vaeious Samples of Rotaky Kiln Clinkek. 
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Calculation of Proportion of Baw Materials. —From the results 
of the analysis of the raw materials, the proportions in which they should 
be mixed may be calculated. Le Chatelier states that th< proportion of 
lime in Portland cement of good quality should not be gi’eater than that 
required by the formula:— '' 

CaO + MgO ^ „ 

Sib./+AljO; 'j 

or less than that required by:— 

jCaO +JVrgO_ ^3 

SiOj - AljOj - Fe^O., 


In both formulas the quantities indicated are equivalents, and not 
weights. These formulas assume that magnesia is equivalent to, and 
operates as, lime, an assumption which is not now generally accepted. 
'J'his is pointed out by l>r. Krdmenger,* who eliminates the magnesia, and 
writes the formula— 

CaO ^ 

SiO,, + Al/)a ’ 

stating that it may give a product too high in lime, and that many 
cements of gO(xl quality are represented by— 


CaO 

SiO., + Aip 


- =. 2-5. 

3 


Highly siliceous clays require more lime than tho.se rich in alumina, but 
by the i>receding formulas tlie lime can only be proportioned to the silica 
and alumina taken together. Rased upon the residt of researcluvs, which 
will be refi'i red to later, Mes.sr.s. Newberry iepre.sent the composition of 
Portland cement by the following formula, in which the magnesia is 
<lisregarded, and the lime is proportioned to the relative quantities of 
silica and alumina present:— 


S (SCaOSiO^) + Y (2Ca0Al20,). 

3CaOSiOj coi^-esponds to 2-8 parts of lime by weight to 1 part of silica, 
and 2 Ca 0 Al 203 represents 11 part of lime to 1 of alumina. Substi¬ 
tuting weights for equiyalents, the formula reafls :— 

Lime = Silica x 2’8 + Alumina x PI. 


To illustrate th5 method of calculating from this formula, wo will take 
a carboniferous limdktone and a boulder clay of which the analyses are as 
follows#;— 

* Chem. Zeit,, 1893, vol. xvit, p. 982. 
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timestone. 

Clay. 

Sili..-, 

f ‘ ' 

. 2-06 , 

56-77 

Alumina, 


-35 

17-76 

Oxide of iron, 


. I-.32 

9-23 

Lime, 


. 51-99 

4-38 

Magnesia, . ^ • 

f 

-66 

2-93 

ItOss on ignition, 


. 43-12 

8-96 

p 

Limestone. 

99-50 

99-03 

Per cent, silica, 


. 2-06 X 2-8 = 

5-77 

,, alumina, . 


-35x1-1 = 

-.38 




6-15 


That ia, 6T6 parts of lime are required for the silica and alumina present 
in limestone, leaving 51-99 - 6-15 = 45-84 parts available for combin¬ 
ation -with the silica ami alumina in cl.ay. 

Olay. 

l*er cent, ailiea, ...... .55-77 x 2-8 = 156-16 

,, alumina,.17-76x1-1= 19-53 


Deduct lime contained in 100 parts clay, 
* 


175-68 

4-.-!8 


171-.30 


That is, 171-3 parts of lime are required for the silica and alumina con¬ 
tained in the clay. In the limestone 45-84 per cent, of lime is available; 

, , „ . , 171-3 X 100 „ 

therefore, for 100 parts of clay there are required- 45784 "“ “ o73-b 

parts of limestone. The percentage of carbonatt of lime in this mixture 
is calculated as follows:— 

100 parts of clay contain 4-38 x 1-7843 = 7-81 parts of carbonate 
of lime. , • 

100 parts of limestone contain 61-99 x 1-7843 = 92-76 parts of ^car¬ 
bonate of lime. 

92-76 x 37.3-6 . 

373-6 parts of limestone will contain - - —-= Awo parts ot 

carbonate of lime. 

The mixture thus consists of— ' * 


.100 

873-6 

4 ^'. 


parts 0 ^ clay containing 7 *81 parts of car^ionate of lime. 

,, limestone containing 346*50 ' v 

,, ,mixtur^containing 364*31 ’ 

. 354-31 X 100 

Carbonate of lime per cent. -—^=-3 -= 74-81. 


473-6 
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The proportions of the raw materials are frequently calculated so 
as to give a desired percentage of caibonate of limc^ in the mixtur.?. 
Whatever the composition of the materials, if they are suitable foi the 
manufacture of Portland cement, this percentage will vaiy between very 
narrow limits and will lie beti''een Z.h to 77 or 7S‘5 per wnt. In most 
casej from 75 to 76 per cent, will give the best nssults, except poi'haps 
in the case of very siliceous clays, when the carbonate of lime may reach 
to 77’5 or oven 78 per emit. The relative proportiifns of the two materials 
may be determined by the following simple rules ;— 

1. From the percentage of carbonate of lime contained in the chalk 
or limestone deduct the percentage required in the mixture, the result 
will be the weight of clay or .shale needed. 

2. From the required pereentage of carbonate of lime in the mixture 
deduct the percentage contained in the clay or shale, the result will b(> 
the weight of limestone to be used. 

For example, let us assume the <’a.sc of a clay or shale containing 
31> per cent, of carbonate of lime and a chalk t)r limestone containing 
91 per cent., bt>th materials being in the dry condition, 76 per cent, 
of carbonate of lime being rcsiuired in the mixtui'e. The relative 
proportions then are - 

91 - 70 = 1.7 parts clay or shale. 

76 - 2.5 = 51 parts chalk or limestone. 

25 s 15 

15 parts of clay or shale contain ~ 5‘75 parts of carbonate of lime. 

91 X 51 

51 parts of chalk or limestone contain ^^^^ -.= 40'4l ,, ,, 

51 J-15 = 66 parts of mixture contain 46'41 + .3*75 = 50 10 ,, ,, 

„ , . t,. . ^ 5()-16 X 100 

Carlranate of lime in mixture = 70 per cent. 

60 ‘ 


Obviously, by multiplying each of these proportionati' quantities by the 
same numlier any convenient weights of the materials may be employed. 
If the manufacture is by the wet process, allowance must be made for the 
water ^'esent kp the matei'ials. In the example given we will a.ssume 
thfc* these proportions are as followsClay containing 22, and chalk 
containing 16«pcr cent, of water in the condition in which they are 
weighed into the wash-mill. 100 parts of clay thou contain 78, and 
100 of chalk 84 parts of .solid matter. 

The relative proportioiw then are— 


Clay 


100 X 15 


78 


= 19-23. 


WChalk —= 60-7,1. 

The composition of the finished cemen^ cantJot be accurately cal- 

• 6 
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culated from that of the raw mixture, a-s the results are influenced by 
the silicates contained in the ash of the fuel. For this reason the 
results obtained from samples burned in trial kilns cannot successfully 
to compared with those obtained from the same mixture of materials 
burned on tile manufacturing scale, as il, the trial kiln the quantity of 
fuel required amounts to from twice to three times that necessary in 
large kilns. 

Bapld Methods of Testing the Accuracy of Raw Mixtures, 
Calcimeters.—I’he accuracy of the raw mixture requires to be con¬ 
stantly tested, and it is essential that the tests should be rapidly made, 
so that the i)roportions, if inaccurate, may be re-atljusted without delay. 
The result may be arrived at by deb^rminiiii/ the i>ercenta^e of loss 
on Ignition of a small quantity—about O-.l gramme—of the material, 
previously dried at 100° G., which is strongly ignited in a platinum 
crucible by a bl.asWamp or in a muffle furnace. The result should to 
compared with that obtained from a normal sample of the same material, 
the accurate composition of which is known. A weighed quantity may 
to titrated with a known excess of standard hydrochloric acid, titrating 
back with alkali agreeing volume for volume with the acid, using methyl 
orange as an indicator. This is a more rapid method than the one 
previously described and it invohes only one aeighing, but in this t..ie, 
also, the result should be compared with that from a normal sample. 

The method most often employed « that of measuring the volume of 
carbon dioxide evolved upon treating a weighed quantity of the material 
to be tested with hydrochloric acid, and from this volume calculating the 
amount of carbonate of lime present. Various special forms of apparatus 
known as calciiiu^ters have been devised for this purpose, with tables for 
facilitating or dispensing with calculations. The results from any of 
them are only approximately accurate, but they are^sufliciently so for 
technical purposes. A portion of the carbon dioxida evolved is retained 
by the acid employed for the decomposition, and Uie quantity varies 
with the volume given off and with the temperature and pressure pre¬ 
vailing at the time the determination is made. 


Scheibler’s Calcimeter.—An itotrument, devised by Dr. Scheibler, 
for determining the amount of calcium carbonate present in tlie animal 
charcoal used for sugar refining, has been frequently employed for making 
a similar determination in Portland cement mixtures. A description of 
the apparatus, with instructions for its use, wiil be found in -everal'text 
books 8f analytical chemistry,* and they need not be repeated here. The 
prinpiple of its actiop is thisThe carbon dioxfde evolved by the action 

,, ChexMol Quantitative, vol. i., p. 344 , 7th ed.; Sutton’s 

Kokmetne-Ana/gsH, p. 87, iithjed.; Crooke’s Sdecl Methode in Chemical Analym 
p. 067 , 3rd ed. ' . 
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of hydrochloric acid upon a weighed quantity of the material to be tested 
displaces a corie.sponding volume of water fr#m a graduated tulie. To the 
volume, when read off, is added a correction to allow for the carbon 
dioxide retained by the acid used for the decomposition. Scheibler gives 
0‘8 c.c. as the volume to he added to that read off.* Warrington* points 
out Ijjiat this is not a constaiit quantity, but is dependent upon the volume 
evolved, and fixes 7 per cent, of this volume as the quantity to be added. 
The total volume is reduced to standard condition.s, and from this the 
calcium {airbonate is cailculated. It has been suggested that, with this 
•apparatus, corrections may be dispensed with by making a determination 
with pure calcium carbonate—the relation between this amount and that 
contained in an equal weight of the material tested being a .simple pro- 
jHjrtion statement. For testing cement mixtures it would be better to 
use as a standard a .sample of the same material of which the compo.sition 
is known. The result of any determination with the standard, of course, 
only holds good for comparison so long as both temjierature and prea.suro 
ramain unchanged. A second instrument may be employed, and the 
confined volume may lie adjusted as the temperature and pressure alter, 
but for working in comparison with a )■ t andard. Dr. Lunge’s nitrometer, 
the use of which will be presently described, is a much more delicate and 
«ft*venient instrument. 

Dietrich’s Calcimeter.—A more modern appliance, and, at the 
same time, one of the liest forms of calcimeter, is that of Dietrich. The 
measuring tube is griuluated into 100 c.c., each of which is subdivided 
into fifths. This is connected with the levelling tube by thick-walle<l 
rubber tubing, the connections being securely bound with wire. Either 
water or mercury m.ay be u.sed as the confining liquid ; the latter is 
jireferahlc. The tulies are held by clamps attached to a vertical rod 
which is secured to a cast-iron bast; plate. An ordinary retort stand 
answers this purpose sufficiently well. The top of the measuring tube is 
drawn out to a smaller tube, closed by a .short piece of rubber tubing and 
a pincha-ock, a short biunch tube is connected with the drawn-out portion, 
but fixed at rij^it angles to it. The gas generating bottle is of about 
1 ^ c.c. capacity, with a wide moufn closed by a rubber stopper, through 
the centre of which passes a short piece of glass tube. This tube reaches 
just through the stopper, and is raised .sufficiently above it to admit of 
connection with a rubber^ tube, which connects the bottle with a coil 
made of coi-per or brass pipe of small diameter. This coil is of such 
a diameter that tljp generating bottle will easily enter 4t, and it .stands in 
a tin or copper cylim^er containing water. The other end of the coil is 
connected Vith the brg.nch on the side of tjje me^puring tuRe by a 
sufficient length of rubber tubing, the cylinder with coil and the generat- 
* Chemicai News, vol. xxxi., p. 253* 
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ing bottle standing on the working bench. The tube for containing the 
acid is made of gutta percha?)r vulcanite, and is of such dimensions as to 
contain 5 c.c. of acid without danger of spilling when leaning at an angle 
of about 45° in the generating bottle. Either a gocxl aneroid or a Bunsen 
Ijaromoter is 'neco.ssarfr, .and two thornionletcrs—one for the air, the other 
for the cylinder containing the coil, tlie water in v.hich must he main¬ 
tained at the same temperature as the air. This instrument gives a 
con.stajit volume for any one .sample of mateiial tested, whatever the 
temperature and pre.ssui'c; the weight to be taken for the determination 
conse(iuently varies with the readings of the thermometer and barometer. 
A table supplied with the apparatus gives the weight for all ordinary 
temperatures and pressures, and a second table gives the requisite cor¬ 
rection for the absorption by th(! 5 c.c. of hydrochloric acid employed 
for the decomposition. The w(‘ight.s arc .so arranged that the indicated 
volume as reml off, plus the number tor th.at volume from the absorption 
table, gives the jK'rcentage of carbonate of lime without further cal¬ 
culation. I 

Before comtneneing a determination the height of the barometer and 
the temperature are noted. These are referred to in the table, and the 
corre.sponding weight is asccu'Uiined. T'he reijuired quantity of the dry 
material is accurately weighed ami transferred to the g(merating booib 
The tube containing 5 c.c. of hydrochloric acid is carefully inserted into 
the bottle, and is allowed to lean against the side. Commercial hydro¬ 
chloric acid answers the purpose very well, and is mo.st conveniently 
mea-sured from a burette, which may be automatically fllhsd from a stock 
bottle. The pinch cock at the top of the measuring tubi! is next opened, 
tlie stopper is inserted into the bottle, and the level of the confining 
liquid is carefully adjusted to the zero mark. The pinch cock is then 
closed, the whole of the acid is brought into contact with the weighed 
carbonate, by inclining the bottle, using the right 'haiKl, the levelling 
tube being at the same time lowered with the left hand. The bottle 
is well shaken, placed in the cylinder of water containing the coil, 
and the levels are roughly adjusted. The bottle will be heated by 
the hand of the operator, and sonl'e heat is also generated by the 
action of the hydrochloric acid on the carbonate. By tbe use of the 
condenser both the bottle and the evolved gas arc brought to the 
temperature of the air. The bottle is from time to time taken from 
the cylinder, well shaken, and replaced. This is important, as with 
some Ibaterials thf liquid retains the carbon dioxide wi^th great obstinacy! 
.Causes contributing,.to this are the presence- of bituminous matter, 
magnesium carbonate, and .silica in the gelatinouj state. 

When the evolution isjcomplete the bottle is •allowed to remain in 
the condenser, and the tubes are levelled. The volume is i-ead off; and 
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the correction for absorption is added. The resulting number gives thq, 
percentage of carbonate of lime in the sample tested. , 

Faija’s Calcimeter.—The Faija calcimcter is a modified form of the 
Dietrich apparatus. A pamphlet containing the tables and likewise a 
full description of the method of using it is supplied with thb instrument, 
but a brief description may be given here. A constant weight of the 
materials to be tested is taken, the gas volume for any one sample con¬ 
sequently varies with the temperature and presstfro. The. temperature 
only need be taken into consideration, fus the volume is always measui'ed 
under the stiuidard pressure of 760 mm. In the ari’angement for effect¬ 
ing this, and in the graduation of the measuring tube, the instrument 
differs from that of Dietrich. The variati<»n in construction is as 
follows:—'J'he upper en<l of the levelling tube is drawn out in a similar 
manner to the lower one, and to this a flexible tube is fastened, wliich is 
connected with an aneroid barometer secured to a board which forms the 
bjick of the instrument, and to which the tubes are attached. The 
flexible tube is sufticiently long to admit of the raising and lowering of the 
levelling tube. A .short flexible tube with an india-rubber ball at the end 
is also connected v ith the barometer. I’y a .simple piece of mechanism, 
the barometer may be brought to standard conditions according as the ball 
i)*£attc“n('d to a greater or less extent between a disc and the board 
forming the Iwick of instrument. Above the barometer a tap is placed. 
When this tiip is open, the levelling tube is in communication with the 
outer air: when it is closed it communicates with the baronuitcr. A 
second taj) at the up2ior end of the measuring tube allows the communi¬ 
cation betwe<‘n this and the, tube from the generating bottle to be closed. 
The flexible tube and j)inch cock at the top of measuring tulx) in the 
Dietrich apparatus is in this tyj>e of in.strument replaced by a tap. 
The confining li(|uid is water. The method of making a determination 
is the same in both cases, except as regards the final measurement of the 
gas volume. The weight of mattuial taken is 0-65 gramme, the quantity 
of hydiipchloric acid 10 c.c., and the carbon dioxide is evolved and the 
tul)e approximately levelled at the atmo.spheric pressure. The taps 
on the measuring tul)e and abovfi the barometer are then closed, and 
the barometer is adjusted by compressing or exi)anding the india-rubber 
ball until it indicates the standard pressure of 760 mm. The tubes 
are then accui'ately levelh'd, the volume is read off, and the temperature 
is noted. Tdiese numbers are referred to a table which is so arranged 
tliat the percentajje of carbonate of lime may be at mice read off. No 
correction for absorptjon.is necessary, as this is allowed for in graduating 
the measurfhg tube. , ^ • 

Xiun^e’s Nitromoter.—^This apparatus may be used for testing raw 
mixtures. The most suitable form is that with th5 cup or funnel on the 
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,top of the measuring tube, and fitted with the Greiner-Freidrich tap, 
mercury being jjsed as the-confining liquid. The nitrOjneter, from its 
wide applicability, is so well known to all chemists that it need not be 
described here. To adapt it for the determination of carbon dioxide, a 
wide-mouthed Erlentneyer flask, of from 80 to 100 c.c. capacity, is 
provided, with a well-fitting india-rubber stopper, through which a^^short 
piece of glass tube pas,ses. By means of this it is connected with the 
bent tulw from the’ tap by about 3 inches of strong india-rubber 
tubing. The acid is contained in a glass or ebonite tul)e which loans 
against the side of the flask, and contains 2 c.c. when about half filled. 
Dr. Lunge uses the nitrometer for the determination of (iarbon dioxide, 
taking always 5 c.c. of acid for the decomposition, and calculating the 
quantity to be added for absorption from the following table by 
Dietrich:— 


TxBt.E SnowiNO THE Aesoiution or Cabbon Dioxide by 5 c.c. HvDHocni,oMO 
Acid ok Specific Dkavitv I’l'A! 


Given off, C.C., . 

1 

2 

4 

6 

8 

10 

12 

14 

16 

Absorbed, C.C.,. 

1-85 

2’00 

2-31 ' 2*62 

2-93 

3*24 

3’55 

3-86 

417 

Given off, c.c., . 

18 

20 

22 

24 

26 

28 

30 

32 

34 

Absorbed, c.c.,. 

4-48 

4*79 

4-HO ; 4-98 

5-03 

5 06 

8-09 

5 11 

514 

O.’ 

Given off, C.C., . 
Absorbed, c.c.,. 

36 

38 

40 

42 

44 

46 

48 

50 

55 

5-17 

.5’20 

5’23 j 5-25 

6-27 

5-30 

5-32 

5’.30 

5’4I 

Given off, C.C., . 

60 

65 

70 

76 

80 

85 

90 

95 

100 

Absorbed, c.c.,. 

5-48 

5-55 

.'•>•62 .5-09 

5’70 

5’83 

5-90 

6’97 

6’04 


The figures found in the second line should be added to those read off in the first 
line, ii^/bre reducing the volume to 0“ and 760 millimetres. 


For testing cement mixtures we prefer to work in comparison with a 
sample of the .same material, of which the composition is accurately 
known, and which is used as a standard. Two similar nitrometers of 
60 c.c. capacity are employed. The quantity of material taken is 0’2 
gramme. The volume of hydrochloric acid, diluted witl. its own volume 
of water, should be 2 c.c. Neither t^mpeiature, pressure, nor absorption 
need be regarded. To make a determination, the taps arc turned so that 
the measuring tube of each instrument communicates with the cup, and 
the mercury level is adjusted to the zero of the scale. The weighed 
quantities of the material to be tested and of the standard ai’e transferred 
to thi\ respective fiasks, the tubes with acid are inserted, and the flasks 
are then attached to the stoppers which always remain bn the instruments. 
Cafe should be taken to heat them as little as possible by handling. Tlie 
taps are loosened; and afier two or three minutes they are replaced and 
turned so that the flajiks arc in communication with the measuring tpbes. 
The acid ii .then brought into contact with the samples by tilting the 
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flasks, the levelling tubes are lowered, and the flasks are shaken 
occasionally uiitil all the gas is evolved. She tubes are levelled, and as 
soon as the volumes remain constant they arc read oif. If they agree, 
the percentage of carbonates in the sample tested is the same as that in 
the standard; if they do not, a sirapl(! proportion *um givi'^ tlie required 
result. If only an occasional test is re(juired, one weighing may be saved 
by providing two small light platinum capsules which exactly balance 
each other. On one a little of the shuidard mat#'ial, equal to about 0’3 
gramme, is placed—if desired, this quantity may be approximately 
weighed—and this amount is used as a weight for the quantity to be 
te.sted, which is weighed on the other. For regular work a standai’d may 
be .set up on commencing, and the volume can be adju.stcd as the pressure 
and temperature vary. 

Direct Determination of Lime in the Baw Mixture, Lime, and 
Cement.—This determination is often neces.saiy, and may bo made as 
follows;--Of raw mixture about 0-3 grammi! is taken, transferred to a 
beaker, treated with dilute hydr()chloric iicid in slight excess, heated to 
expel (»rbon dioxide, rendered alkaline with ammonium hydrate, boiled, 
the .solution decanted over a filter, and the precipitate washed twice by 
decantation. The precipitate is next heated with a litth; dilute hydro- 

orie aci<l, is rendered alkaline with amuiouiuui hydrate, boiled, 
tratesferred to filter pi’eviously used, and well washed. The lime is 
determined in the filtrate ; the precipitate of clay may, if desired, be 
ignited and weighed. Of lime and cement about 0‘2 gramme is taken, 
transferred to a beaker, boiled with hydrochloric acid until entirely 
decompos(5d, the solution cooled, rendered alkaline with ammonium 
hydrate, boiled, filtered, and the pr(!cipitete washed two or three times 
on the filter with hot water. The filter is then taken from the stand, 
and the precipitate is washed out into the beaker in which the precipita¬ 
tion was miide, without destroying the paper. It is re-dissolved in 
hydrochloric acid, rendered alkaline with ammonium hydrate, boiled, 
filtered.and the precipitate is well washed with hot water. The lime may 
be determined in the filtrate, and also in that from tlie clay of raw 
material as described in the previSus chapter, the double precipitation to 
separate traces of magnesia being omitted, or the clean oxalate precipitate 
may be dissolved in dilute sulphuric acid, and titrated with normal 
permanganate. We frequently employ this method, and for technical 
purposes hrjre found it to give very good results. The filtrate containing 


the lime is heated to boiling point, boiling solution of <e.mmoniumOxalate 
is added, the boiling of, the mixture being continued for a few minutes. 
The caleiifln oxalate separates as a granular j)recipitate, which rapidly 
settles from the liquid. After standing for«.bout half an hour, the clear 
liqrfid is decanted over a 9 cm. filter, and the pi^ipitate is washed by 
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Recantation until it is perfectly clean. This fact may be te-sted by adding 
a few drops of (^ilcinm chlorfde solution to the final washings. After 
boiling and cooling, there should be neither precipitate nor cloudiness. 
The filter paper is opened out in a flat-bottomed dish of slightly larger 
diameter, and* any adhering precipitate is, as far as possible, washed out 
i/ito the beaker containing the main quantity. It is then covered with a 
little dilute 1 : 5 sulphuric acid, warmed, the acid pourc<l into the beaker, 
and the paper thoroughly wa-shed with hot water, the wa-shings also 
passing into the beaker. Dilute sulphuric acid is added, the .solution is 
heated to 70” or 80”, and the permanganate .solution is cautiously delivered 
into the liquid with constant agitation until a faint pink colour is per¬ 
manent. It is a good plan to keep a solution of ammonium oxalate 
agreeing volume for volume with the permanganate .solution for back 
titration, in ca.se of overrunning. The permanganate solution is stan- 
danlisod in exactly the same manner on pure calcium carbonate. 

1 c.c. of jl, normal permanganate = ‘0028 gramme CaO. 

„ „ „ =-0060 „ CaOOj. 

Specific Gravity.—This test should be conducted in the chemical 
lalx)i-atory, as the results obteined by an unskilled operator, even with 
suitable apparatus, may be very wide of the mark. The determiiiatk 
may be made with the ordinary specific gravity bottle, a liquid without 
action on cement being substituted^r water. Either paraffin or tur- 
pientine is g<'nera;iy employed; whichever is used must be absolutely free 
from water. This may be ensured by shaking the liquid up with finely- 
ground fre.sh Portland cement, or by allowing it to stfind over fre.shly- 
burnt quicklime. If the .specific gravity bottle is employed, the specific 
gravity of the liquid must also be known. This should be determined 
with a specific gravity Imttle, and not with a hydrometer, as is sometimes 
suggested.' If a stock of liquid is kept, it should occasionally be re-deter¬ 
mined, especially in the ease of turpentine. This method leaves nothing 
to be desired as regards aecunmy, but it is not generally emplvyed, as 
several forms of apparatus have been devised in which the volume of 
liquid di.splaccd by a known weight bf cement is directlj' iw] off, and 
the specific gravity is calculated by dividing the weight of cement taken 
by the volume of liquid displaced, the specific gravity of which latter 
need not bo known. 1 llustrations of several forms of apparatus will be 
found in mo.st catalogues of chemical apparatus; some of» those most 
generally used may be briefly described. ^ 

Mann’s Gravimeter.—This, probably the first ^ieoe of apparatus of 
the kind, was fully described by its inventor in,Proceedings'Inst. C.E., 
vol. xlvii,, p. 251. It consists of a flask holding, v/hen filled to a mark 
on, the neck, 1,000 grkins of water, and a burette with a stopeock bon- 
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taining an equal volume, less the quantity displaced by 1,000 grains 
the heaviest dhbstance intended to be exaiuined. 1,00Q grains of cement 
are weighed off and transferred to the clean dry flask, or the flask may 
be counterpoised and the cement weighed in it. The burette is filled to 
the containing mark with whatever liquid i.s used, whicH is allowed to 
run^into the flask until it is nearly filled to the mark. To expel the 
occluded air .some operator.s cork and .shake the fla.sk, which is a slovenly 
method. We prefer to hold it by the neck witff a test-tube holder, and 
stir the contents with a stout knitting needle until no more air e.scapos. 
The adhering cement is washed off the needle by drawing it up through 
the liquid, which rapidly rises to the upper part of the flask when the con¬ 
tents are allowed to remain at rest. More liquid is then allowed to run 
from the burette until the mark is reached. The stem of the burette 
is so graduated that the specific gravity is at once read off 

Schumann’s Volumemetor.—This consists of a flask or bottle of 
about 1.50 c.c. ciipacity, into the neck of which is ground a tube graduated 
upwards from a short distance above the neck from 0 to 40 c.c., divided 
into tenths. The bottle and part of tube is filled to either the 0 or one 
of the lower gnuluations with parallin or turpentine, and 50 grammes of 
cement are allowed to full down the tube into the liquid. The apparatus 
cai’cfully .shaken to expel the air, and the iieight of the liquid is read 
off on the tube. The difference of the readings gives the volume of 
liquid displaced. The great trouble with this apparatus is caused by 
the cement, which, from having to follow the lirjuid down the tube, 
adheres to its .sides. This m.ay, however, be obviated by pouring the 
liquid down a funnel with a long narrow stem, which ought really to be 
supplied with the instrument. The cement tsm conveniently be intro¬ 
duced through an ordinary funnel with a .short .stern. 

Blount’s Volumemeter.—This is a simple piece! of apparatus which 
is capable of giving good results. Tt consists of a fliisk with a broad flat 
bottom, containing, wdien filled to a mark at the lower part of a slender 
neck, which i.s closed by a stopper, exrmtly 64 c.c. Above this mark the 
neck is divided into tenths. The first graduation is marked 14, and not 
the neck^therefore reads up?var<ls from 14 to 17 c.c. To make a 
determination, 50 c.c. of liquid, either paraffin or turpentine, are delivered 
into the flask by a pipette; the neck is thus kept dry. 50 grammes of 
ceinent are then introduced, and the flask is .shaken gently to expel the 
air. 14 c.«* of the displacement are accounted for by the flask to the first 
gnrduation, the Remainder is read off on the stem. IKie volume of liquid 
displaced by 50 grjj,mmes of any sample of Portland cement will fall 

between r4 and 17 c.c« • 

, • • 

Eeates’ Double Bulb Specific Graijty Bottle.—In this instru- 

mebt a constant volume of liquid is employed, and a variable weight of 
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qgment. In those previously described the weight of cement has been 
constant, the volume of liquid varying. It consists of tw'b bulbs placed 
one above the other, with a short neck between them, the lower bulb 
somewhat exceeding the upj)er one in capacity. The upper bulb has a 
short neck clo.scd by a stopper. On the neck between the bulbs is a 
mark b, on the neck of the upper one is a similar mark a. The, capacity 
of the upper bulb must be accurately determined, and may conveniently 
bo 1,000 grains of wabir'at ]5’5'’C. To make a determination, the lower 
bulb is lilled with a pipette to the mark b on the neck with whatever 
liquid is employed, and th(! dask is weighed. The cement is dropped 
carefully into the bottle through a funnel with a short stem until the 
liquid remihes the mark a, when the llask is again weighed. The weight 
of cement requii'ed to raise' the liquid from t to « is its .sp)ecific gravity. 

Fallacy Underlying the Tost of Gravity.—It is diflicult to under- 
stiind why this test has become .so general, especially in this country. 
It is commonly supposed that the peifectly burned clinker has a higher 
specific gravity than that which has been more lightly burned, and 
that the specific gravity of that less fully burned is higher than that 
of the yellow slack. Nothing can be farther from the truth. When 
taken fresh from the kiln, there is practically no dilTerence in the 
specific gravity of any of the products, provided the luirbon dioxide hi. 
been entirely expelled. This we hove fre(iuently tested in practice, and 
the following are the results of one sa^' of experiments :—- 

Four .samples were taken from one pi,ace in a kiln. 

No. 1. A piece of yellow slack burned. 

No. 2. A piece of perfect clinker. 

No. 3. A piece of lightly-burned clinker, showing in places white 
spots of lime. 

No. 4. A piece of slag-like overburned clinker. 

These were ground up and the specific gravity of each was taken in 

a bottle, the liquid used being paraffin, the specific gravity of which was 

taken in the .'iame manner. c 

r 

No. 1. Specific gravity 3'IG. | ^ No. 3. Specific gravity 3"20. •.! 

No. 2. „ " 3-17. ! No. 4. „ ■ 3-19. 

As carbon dioxide and water are absorbed from the air, tlie specific 
gravity gradually diminishes, an aerated cement' will, consequently, give 
lower results than one newly ground from freshly-burned clinker. The 
specific' gravity may, in fact, really bo regarded as measure of the 
amount of aeration aecement has undergone. A lightly-burned cement, 
or one containing qnderbm-ned material, will absorb carbon dioxide and 
water much more rapidly and to a greater extent than one ground from 
■entirely hard clinker.' A low specific gravity may, therefore, for iffiis 
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reason indicate light burning, or the presence of underburnt material. 
It must, however, be remembered thai the extrejpely finely-ground 
cement, so much of which is now coming into tlie market, is* much 
more absorbent than that more coarsely ground, and it may thus, after 
the same amount of aeration, give a lower speciiw: gravity. It has been 
suggested that previous to the determination the .sample should be heated 
at a temperature of 100° to 150° C. This treatment would leave it 
practically unaffected. The water ab.sorbed exists in combination with 
lime as calcium hydrate, and it is almost nee<lle.ss to add that neither this 
nor the carbon dioxide would be driven off at the proposed temperature. 
Another suggestion is to expel water and carbon dioxide by beating the 
sample to redness. From what has been said it is obvious that after this 
tr(!atment the bighe.st possible specilic gravity would be the result and 
the test would be of no value. Mo.st .specifications re(juire the specific 
gravity to be not le.s.s than .3‘1, which can easily be attained, as wo have 
.seen, by very badly-burned cements which have been insufficiently purged. 
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CHAPTER VIII. 

PREPARATION OF THE MIXTURE OF RAW MATERIALS 
EY THE WET METHOD. 

Contents.— Uniform Mixlure Essential—Preparation of Slip — Original Process of 
Portland Cement Making—The Waslimill—Modern Waslimill—Dimensions 
of Waslimill—Sieves and Screens—Backs—Distribution of Slurry—Subsidence 
of Solids—Proportioning the Ingredients—Drying Floors—Experiment with 
Slurry — Goreliam's Process — Grinding the Slurrj' — Margctts’ Process — 
Michele’s Washmill—Use of Tubeniill for Wet Grinding—Grinding with 
Abundance of Water—Foreign Methods of Working—Making Slurry into 
Bricks—Use of Rotary Driers—American Practice—Use of Shaft Kilns. 

TTniform Mixture Essential.—It is not only neces.sary that the correct 
proportion of carbonate of lime to clay should be maintained, but the 
mixture must also be uniform and its constituents must be in an 
extremely fine state of sulxlivision. This is attained in practice by one 
of two methods—(1) Bji the wet process which is applicable only to soii 
materials, the correct quantities of the ingredients being ground in the 
presence of more or less rvater, or (?^ by the dry proccs.s in which the 
perfectly dry materials arc ground togethei', altliough in some cases they 
are roughly gixiuud separately, the coarse powders being subsequently 
mixed in the required proportions and afterwards finely ground. Under 
certain circumstances, even when employing the wet process, the materials 
may with advantage be ground separately. 

Preparation of Slip.—Wo will now proceed to describe the method.s 
employed for preparing the .slip or slurry of the wet process, leaving the 
treatment of the raw flour or meal, nuide use of under the dry process, to 
be dealt with in another chapter. t 

It is interesting to notice here that Aspdin, the original inventor, 
insists upon the reduction of the ingredients to a “state approaching 
impalpability,” and this is as time now as it was in his day. Probably 
more failures with the use of cement have lieen due to neglect of this 
precaution than to any other cause, even including the employment of 
incorrect proportions of the constituents. An imperfect, coaneely-ground 
mixture, when oneft it has i-eaehed the kilns, is to a great extent past 
redemption. If it is»known to be faulty, it may^to some extent be 
corrected* by very Jiaid burning—that is, if the ^lixture is to propor¬ 
tioned as-to admit of this* treatment. Some improvement may be 
effected by ^watering and storing the clinker before grinding, and'by 
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grinding it to an extreme degree of fincue.ss, but the resulting cement 
can never poslfess the properties of that'*if>de from <arefully-prepared 
materials, and too often the error is not found out until the product has 
passed into the warehouse, or wor.se still into the hands of the consumer. 

Original Process of Portland Cement Making.—T"i.e plan oi-igin- 
ally^opted was to incorporate together the chalk and clay—which were 
the only materials then employed—and at the same time to bring them 
into a fine state of sul«livi.sion in the presence of water in the contrivance 
known as the washmill. The thin slip or slurry was allowed to flow into 
liirge reservoirs or “hacks,” from which, as the solid matter settled, the 
water was from time to time drained off. This method, though now to 
a great extent discarded in this countiy, is still in use at some of the 
older works, and it will he proper to (hiscrihe it somewhat fully. 

It seems highly probable that the cement maker, in the early days of 
the manufacture, availed himself of m.any of tlu' processes of the brick- 
maker, who, long before Portland cement was thought of, h.ad learned to 
prepare his clay, to add th(! necessary amount of chalk and to settle the 
sli)) in reservoir.s much in the .same way as is still pr.acti.sed in the South 
of England, adopting, in fact, processes which dale hivck to the period of 
the Pharaohs. At any rate, in the London District, which, as already 
'"Jti.ted, .soon became the chief seat of the Portland cement ti-ade, the 
hrickmakcr had for generations made use of the washmill and the 
reservoir or hack for the slip, and these contrivances remained until 
comparatively recent times in common u.so at cement factories, hut little 
changed or nuxlifitsd. TIkuo can 1 mi no doubt that for soft m.aterials like 
the grey chalk and for the alluvial river mud or gault clay the wa.shmill 
is an excellent contrivance, but when we have to deal with the hard flint 
hearing upper chalk even the best aiTanged wa.shmill leaves much to ho 
desired. 

The Washmill.—The washmill (Fig. 2) consists in its e.s.sential 
features of a circular or octagonal tank, usually from 14 to 18 feet in 
diametw and from 4 to •h feet deep, with a central mound or pier carried 
above the working level of mill, and of such diameter as to leave round it 
an annular sp^e or trench 4 to 5 feet wide. The central pier carries the 
footstep bearing of a vertical shaft, which, by means of gearing arranged 
on timbers carried by walls at the side of the mill, is driven at a speed of 
from 12 to 20 revolutions per minute. In the older typo of mill this 
shaft carriesia horizontal beam to which are attached strong vertical iron 
blades, reaching ^nearly to the bottom of the trend! or raceway. An 
overflow is arrangec^by lowering a portion of the»outside wall, so as to 
leave a spftce from 2 to,3 feet long and about ^foot Scinches deep. This 
opening is fitted with.a strongly-made woodew frame, covered with brass or 
copper wire gauze, having about 900 me.shes to the‘square inch. The walls 
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sometimes raised above the ground level in order to protect the work¬ 
men ; a space or spaces being .arranged for feeding. The chalk and clay 
are introduced into the mill, either continuously or from time to time at 
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tributed throughout the water and are converted into a creamy Hquir^ 
termed the “siip,” which is driven tlirough the meshcf of the sieve by 
the scour, and is Jed away by troughs to the depositing backs. * 

Modern Washmill.—Tn tlie modc'rn type of mill, harrows arc substi¬ 
tuted for the beam with knives. These are forn»',d of ca^t iron, fitted 
with steel tines or teeth, and they are su.spendod by chains from iron 
radial arras, which are attiudied and braced to the vertical shaft and to 
each other. The suspended harrows adapt th#nselves better to the 
deposit of stones and Hints which collects in the bottom of the raceway 
than does the rigid Ixsam in the older form of mill. 

In some ca.se.s harrows have been replaced by heavy edge-runners for 
dciding with hard clialk free from flints, and mills of this type have given 
good results. For soft chalk they are unnecessary, as harrows will do 
the work (piite as elllciently, while for chalk with flints edge-runners are 
obviously unsuitable. Our own exi>erience goes to show that fairly haixJ 
chalk, such as occasionally occurs in the South of England, may be very 
eJTectually tritunated in a mill fitted with harrows if the raw material bo 
broken reasonably small, and if the feed is not excessiv('. This state¬ 
ment, however, does not apply to the indurated chalk of Yorkshire or 
that of the North of Irel.aud. 

^ The brickwork employed in the construction of the mill should be built 
in cement, and tbe walling .should at least be fiu;(!d with very hard bricks. 
The raceway sho\dd likewise be paved with hard matei-ial, such as granite 
setts or the burrs of worn-out millstones, and these .should also be sot in 
cement. 

The ([ue.stion as to whether the materials should be weighed oi- .should 
be measured into the washmill has often been debated. If the materials 
were invariably in the dry state, there could be no di.sputc. as to which 
j)lan would give the most accuratti results, but in tlnur normal condition 
they contain more or less water, and they a.re also very absorlxmt j the 
quantity of watrm present con.sequently varies in accordance with the 
state o^the weather. If ecjual qu/intities of each matorial were used, 
and if each was eiiually absorbent, it is evident that weighed quantities 
mTght bo employed in all conditfbns of weather; but the, quantity of 
chalk being in round numbers three times that of the mud or clay, any 
proportions adjusted for use in dry weather would, if used after much 
rain, result in an overchi^-ed mixture. Since, however, the materials do 
not \lter ip. volume by absorption of water, measured quantities will 
practically alwayg contain the same amount of soliil matter, aitd may 
therefore be used with i^ety in both wet and dry weather. 

Dimenvlons of ‘^t^hmills.—In some cases washmills are constructed 
of much’larger dimensions than those wo hav« given, the waggons of chalk 
and'clay being weighed as they are brought along.sRle, and tipj)ed directly 
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into the mill. Much better I’osuifes are, however, obtained from feeding 
the mill in smalle'- quantities 'rom wheelbarrows, one barruw-load of clay 
being tipped in at the .same time as its exact equivalent of chalk. A 
reserve of each material .should be kept in hand, and the work may thus 
go on continubusly, th.-., mill never becoming overloaded. 

Sieves and Screens.—The .sieve.s or .screens through which the slurry 
leaves the mill .should be kept constantly under observation, and should 
at once be replaced if ."ound to b(! torn or d.amaged. The racieway from 
time to time require.s cleaning out, especially when th(! upper chalk with 
flints is used. This precaution should not be neglected, for otherwise, as 
soon as the harrows b(!gin to drag and tilt about on the uneven accumu¬ 
lation which gradually forms in the l)ottom of the mill, tlu^ eillciency of 
the operation is much impaiissl. 

Backs.—The backs are frequently of large size, being sometimes as 
much as 100 feet in length by 40 feet in width, with a depth of about 
4 feet. A back of tluwe dimensions would thus contain 160,000 gallons 
of .slurry. The sid(w are generally con-structed of dwarf walls of brick or 
concrete, and the bottom is carefully formed of porous materials, so as to 
permit of the resuly soaking away of the wafau*. It is of course imperative 
that special attention should be paid to the subsoil drainage. 

Distribution of Slurry.—The stream of li(iuid slurry, on Iciiving tb"^ 
washmill. Hows into .a clianiKd, which delivers it to wooden troughing 
carried round the backs. The w'ood^i troughs are provided at suitable 
intervals with apwture.s, from which, by means of .slides, the slip may bo 
ma<lo to enter any particular back at dillerent places. By changing the 
place of admission every day, it thus becomes possible to obtain a much 
more even distribution of the slurry, and this is an important matter, as, 
from the miture of the means employed to produce it, the slurry, as it 
leaves the mill, may not be always of nonnal composition. Thus at .some 
moments tlie chalk may be in exces.s, at others the clay, though the 
average over a considerable period of time is about right. By the 
occasional use. of a drag formed of a piece of plank attached to tl^e centre 
of a long rope, whirii is pulled about by two men, the v'ariou.s washings 
are “lutefl” or mixed together, and'a sufficiently uniform result'is 
obtained. Catch-pits t)r depres.sion.s are provided in the channel leading 
from the wa.shmill, and into the,so any unground particles of chalk or 
coarse sand subside from the slowly-flowing stream of slurry; the coarse 
sludge deposited in the pits being from time to time removed 'with 
a scoop. f 

Subsidence of Solids.—^The suspended chalk and clay, when they 
come to'rest in the back, rapidly subside; part of Ihe water‘Soaks into 
the ground or evaporates, but a considerable quantity of the cleAr super¬ 
natant liquid is drawl'n off by means of the “peg-board,” which is a 
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perforated penstock having num('rou.s sn.all openings closed by pegs, th<; 
holes being arfbnged at .such levels that the*vater can b«^run off gradually 
as far as the top of the slurry. Some weeks must elapse, even in the 
summer time, before the contents of the biick become sufficiently con¬ 
solidated to dig them out for removal to the dryinfpfloor.s. ' 

Proportioning the Ingredients.—In the early days of the Portland 
cement industry, the correct adjustment of the proportion of carbonate of 
lime to the clay was purely an empirical pnax-.' ., and was in fact an 
application of the system of trial and error. I n tlu! first place, mixture.s 
of the constituents were made in v.arying proportions, from which samples 
of cement were prepared, and the samj)los giving the best cement were 
adopted. Any irregularities due to variations in the chemical com¬ 
position of the materials, or to carelessness on the jsirt of the workmen 
employed at the washmill, were ascertiined by occa-sionally sampling the 
contents of a back in the cour.se of being filled, and the samples of slurry 
were then dried and burnt in a trial kiln. From a close observation of 
tlje riisulting cement, wh(!n testsl for soundness, colour, &c., the 
“sampler” was by long experience enabled to judge whether the correct 
proportions were being mainUiiiu^d. Any error discovered at this time 
was corrected by altering the proportions at the washmill, agitating the 
i.aitents of the back, and again sampling, llapid chemicail methods of 
analysis, to which we ha\ e refened, have rendered this system of sampling 
obsolete, and most cement works now emjiloy .at least one competent 
analyst; but even only twenty years ago, with .some very few exceptions, 
no chemist was e.mployed in any English cement manufactory. 

Drying Floors.—When it has become sufficiently dry to admit of 
this tre.atment, the sluiry is dug in a plastic stjite from the backs, and is 
removed to the drying floors, either in deejesided barrows or in small 
tipping waggons. The drying floors are heated by passing under them 
the waste burning gases from coke ovens; these gases are conveyed in 
flues, which, in the vicinity of the ovens and for about 10 ftxd, beyoTid 
them, ai;p covered by fireclay slabs. Beyond this di,stance the covering 
is formed prefefably of cast-iron plates, diminishing in thickness from 
al)but II inches at the commcncemSnt, where the iron plates join the fire¬ 
clay .slabs, to atiout J inch at the farther end, where the flues join the 
main or gathering flue into the chimney. This latter flue is provided 
with a damper, in order to regulate the draught. The floor is made of 
sufficient length to utilise all the heat from the ovens, the object in 
providing the ovens not being to make coke, which can be more dheaply 
purchased, but to dr^ t^e requisite charge of sluri^. The front of the 
floor immediately over ihe ovens is covered to a greater depth with the 
slurry th%.n the back,, and the thickness of the* material is so regulated 
that*the floor may be stripped and re-covered everf day. The ovens are 
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•likewise dra-wn and re-charged every day, and with careful working a 
weight of coke equal to about half that of the coal employed is obtained. 
The coke thus produced, .supplemented by gas coke, is used in the kilns 
for burning the slurry into clinker. 

Modern Systems of Drying.—This system of drying has given 
place in recent times to more economical methods, although we believe it 
is still to some extent employed in the older works. The price of gas 
coke has risen enormously during the last few years, but its cost has, as 
a rule, been less than that of coke produced in the .somewhat extravagant 
manner described in connection with the drying floors. The tendency of 
modern practice has been to utilise the waste gases from the burning 
kilns in order to dry sufliciont slurry for the succeeding charge. Kven 
when this is not pos.sihle, as, for instance, in kilns of the continuous type, 
methods are now available which are much more economical than those 
above described. 

Tt has freciuently been maintained that the .slurry passing from the 
washmill settles irregularly in the backs, tin; chalk and clay having, it is 
alleged, a tendency to separate owing to the difference of their specific 
gravities. If the slurry is finely washed there is no such sejMiration, but 
if coarsely washcxl, and if no provision is niudc for taking out the larger 
particles of chalk by cafeh-pits, these coarse particles have a tendelccy 
to settle, and may accumulate in ||be lower k'yers of the contents of 
the backs. 

Experiment with Slurry.—In order to decide whether separation 
really took placein the ease; of carefully-washed slurry, the following experi¬ 
ment was conducted many years ago by one of the antliors. A water-tight 
wooden trunk, 8 feet high and C inches square, was prepared, and fixed in 
a position where it wa.s free from vibration and safe from disturbance. 
This vessel was filled with .slurry collected from one pf the shoots entering 
the backs. When this slip was tested by washing through a sieve having 
120 meshes to the lineal inch, it left less than per cent, of very fine grit, 
calculated on the dry .slurry, which contained 75-5 per cent, of carbonate 
of lime. The supernatant water was drawn off every few days by means 
of gimlet holes bored in one side of the wooden trunk. When the column 
of slurry had .settled into a stiff mass in which it was evident that no 
further deposition would occur, the trunk was carefully conveyed into a 
warm place, and .stood in a vertical position upfil the contents were dry. 
The wooden sides were then removed and the column of dry material was 
sawn into a serieii of short length.s, in each of which the carbonate of lime 
was aqcurately dctei mined, with the result that there was practically no 
differertce in the composition of any of the lay.'rs from the top to the 
bottom. ^ . 

G-oreham’s Process. —The system of washing the ingredients to 
a very liquid slip has bqen practically superseded in this country hy the 
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process of wet grinding with a luinimuni of water, which was patented by 
Mr. W. Gorehiini in 1870, but which has be*n used in Erance, at Meudon, 
in the neighbourhood of Paris, for more than one hundred years, in the 
preparation of hydraulic lime from a mixture of chalk and clay. The 
original inventor of this milling process is said By Mr. llqnry Keid to 
have^been M. Dupont, and the French works are still being carried on 
very much on the old lines. 

Under the Goreham system, the fine sieved on the washmill are 
replaced by gi'ids, the bars of which are fixed g inch apart, or, in some 
cases, perforated plates are employed. The chalk and clay are fed into 
the washmill exactly as in the cfise of the older method, but only sufficient 
water is used to produce a thick slurry, which, in the, best practice, 
contains not more than from 40 to 50 per eent. of water. 

Grinding the Slurry.—From the washmill the coarse, roughly- 
mingled slurry is lifted by a scoop wheel or buck('t-elevator to a shoot 
leading to th(' grinding mills, from which it is tapped, the flow being 
ragulated by slidcis. The mills employed are of the ordinary flour-mill 
tyjx!, formeily so generally used for grinding cement, fitted with French 
buiT stones, as for dry grinding. Originally the slurry flowed from these 
mills diiectly to the di-ying flats, but with the introduction of chamber 
l.nins, which required its delivery at a higher level, the practice became 
general of collecting the slurry in a trnk or well, from which, by means of 
specially designed and powerful pumps, it is lifted and delivered through 
pipes to any requiied jwiint. 

Economy of the Process.—This process leads to a great economy 
of time and involves much saving of spice, as the backs are entirely 
di.spcnsed wdth, while the cost of grinding and pumj)ing the slurry is 
much less than that of emptying the backs. The saving of cost wa.s, 
how ever, not great, so long as the drying was effected on flats heated by 
coke ovens, since more watei’ hiul to be ovapoiuted from the pumped 
slurry than in the case of that taken from backs, especially when it was 
possibleAo .allow the slurry to rem,ain a sufficient time in the backs to 
become thoroughly stiff. 

Margotts’ ^Process.,—The abova; described method of preparing 
•slurry has now become almost univer-sal in English practice. We may, 
however, refer to two processes by which thick slurry is produced without 
wet grinding. The first o£ these entails the uso of the sieve devised by 
Mr. W. G. Margetts, which is especially suitable when soft, easily- 
triturated chalk fr#e from flints is employed. The sluil'y is mixed*in the 
Avashmill with the minimum of water, the overflow ffeing arranged to take 
place through perforated plates having holes %ough ihem about f inch 
in diameter. The feed of the ground mixtujjfe is in a continuous stream, 
■and it enters the bottom of a sieve, shaped like an inverted pyramid, 
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revolving at a speed of about 150 revolutions per minute; the sieve 
employed has fnom 20 to 30«meshes per lineal inch. Dui'mg its passage 
up the sides the finer portions of the material pass through the meshes, 



and flow away to th(y pumps; the coarse particles,on reaching the top, 
are ej^ted into a^ outer^casing, and are thence upturned to the washmill. 
For chalk with flints the i.nethod is obviously unsuitable, as even small, 
fraginents^'of flint would rapidly de.stroy the sieves. With respect to the 
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eiBciency of this process, it may be mentioned that the manufactory in 
which it is employed was one of the first «n this country to guarantee 
its cement to stand accelerated tests, whicli can only be obtained with 
certainty when a very carefully-prepared mixtui’c of raw materials is 
available. Mr. Margetts, in a letter to The Etigine9r, on 22n4,May, 1891, 
stated that his pi'actice was to submit the briquettes to the action of 
boiling water instead of to a temperature of 180°, as is usually prescribed. 

Michele Washmill.—M. V. I), de Michele^patented, in 1877, an 
improvement in the washmill which enabled further grinding to be 
dispensed with. The minimum quantity of water is .still employed, but 
the slurry, instead of flowing out at one .spot in the circumference of the 
mill, ovorilows through metallic surfaces Avhich entirely surround the 
outer wall. The lower surfaee plate, forming the rim of the mill, i.s fixed; 
the upper <me revolves with the stiiring apparatus of the mill. A section 
of the mill is .shown in Fig. 3. It will be understood that the grinding 
surfaces are provided with a certain amount of lead or swallow. To 
ehter the grinding rings at all, the materials must previously have under¬ 
gone a considerable reduction in the mill, and, before reaching the flat 
or giinding surfaces, coarse particles wnich may have entered are further 
reduced in .size in the gradually contracting sw.allow. 

Use cf Tube-mill for Wet Grinding.—With flint chalk all the wet 
grinding proces.ses require great care and attention. Small pieces of flint 
pass through the washmill grids and have a tendency to lift the stones, 
thus allowing the slurry to pass through without undergoing reduction! 
The time is probably not far distant when the tube-mill, to be deseribed 
when dealing with .systems of dry grinding, will altogether displace mill¬ 
stones for grinding .slurry, e.specially in new plants. It is already used 
for this purpose in several American and Continentel works, employing 
tlio wefc process. * ^ o 


Process is necessarily Continuous.—It will have been observed 
that the wet milling process, a.s previously de.scribed, is a continuous one 
the strdhm of flurry flowing, without rest, from the waslimills to the 
grinding mills and from thence to, the pump.s. Some little bulking may 
toke place in tl»e small tank, .sometimes placed to feed the mills, and in 
the pump-we , which would probably receive the slurry from seveiul 
miUs. No attempt, however, was originally made to mix the slurry, 
eith^ before or after the »vet milling, as it was as.sumed that the stream 
flowing front the washmill was fairly constant in composition. This 
however, is not tlfe ca.se even when using materials which vary little from 
day to .lay, TOch as awi genei-ally available in Englafid for cement making. 
Rven when the utmost tare is taken in feeding ^he washmill, the'relative 
proportions of carbonate of lime to clay cqRstanyy fluctuate. The old 
method of sampling ceased to be of any value with the disuse of b«oV« 
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as, before the result obtained in the case of any given sample could be 
known, the material sampled:'would have passed beyond hope of altera¬ 
tion. In fact, at the present time, when rapid methods of determining 
carbonate of lime are employed, it is not an easy matter to keep the 
average con^position eVeu fairly constant. 

Advantage of Grinding with more Water .—It is difficult to 
understand why, for the sole purpose of obtaining slurry with from 40 to 
50 per cent, of water, it'jt milling and the disuse of backs liave become 
so general in this country. The .slurry is certainly no better and is often 
much worse than that prepared by the older method. A cour.se, combin¬ 
ing the advantages of both methods, would be to wa.sh together the 
ingredients in the original manner, with from 70 to 80 p(!r cent, of water, 
to collect the sluny in smaller and deeper backs and to draw the water 
from the surface until the contents were sulKeiently stiff. From 30 to 
40 per cent, of water can rapidly be got rid of in this manner, the area 
required for backs would be comparatively .small, and by constructing the 
backs with sloping bottoms, and providing a system of suction pipes with 
stop-valves, the pumping could be easily managed, while there would be 
the additional advantage of always holding a stock of slurry, the composi¬ 
tion of which is known to be accurate. 

Methods of Regulating the Composition of Slurry.—Duiifig 
recent years not only 1ms greater att^tion been paid to the fine grinding 
of slurry, but means have also been devised for ensuring its more 
accurate and uniform eompo.sition. Generally the method for effecting 
this is as follows;—The slurry from the grinding mills is collected in one 
of two large circular tanks fitted with revolving arras for agitating the 
contents. When nearly full the stream of slui-ry is diverted from the 
first tank to the second, and a sample is taken from the first tank. This 
is tested for carbonate of lime, and if the proportions are found to Ire 
correct the contents of the tank are allowed to pass onward. Two 
smaller tanks are likewise provided, one containing slurry prepared from 
chalk only, the other consi.sting of finely-washed clay. I^ the proportions 
in the large tanks are incorrect, the requii'ed addition is made from one or 
the other of these smaller tanks, and the mixture is agajn sampled and 
tested. This operation may be repeated if found to bo necessary, and the 
contents of the tank are not finally discharged until they are proved to be 
of normal compo.sition. 

Mode of Working adopted Abroad.—On the ,Contiuent, tlie wet 
prpeess, when it i's employed, generally follows very o'osely the original 
pnglish practice, so 'far as the preparation of the slurry is concerned. 
This intolves the use of .the washmill, the slurry-being allowed, to settle 
in backs. Wet grinding ii! not general, but when? it is practised more 
watef is en).ployed than is usual in England. The use of “ dosage ” tanks 
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for adjustment of proportions is general, but in some cases, when the 
materials are of very uniform composition, ^he slurry ijows direct from 
the washmill to the backs. When this adjusting process is employed 
the plant consists of washmill “ do.sago ” tanks, and two smaller wash- 
mills, in which tlie do.sago of chalk or marl, and of cla^ is actually 
prepijpd. 

Slurry Moulded into Bricks on the Continent.—It has been 
mentioned that the almost universal peactice at tKt present time in this 
country is to dry the slurry by the waste ga:ies from the kilns. The 
methods foi- doing this will be described when dealing witli kilns. On 
the Continent this .system is not usual, the process of diyiug is generally 
conducted independently. The method employed is to allow the slurry 
to remain in the Ijacks until it becomes sufticiently still' to be pugged and 
made into bricks; it is used much stitt'er in fact than was the practice in 
England when drying was e.irried out on Hats. This entails the pro¬ 
vision of a much larger system of backs than would be otlnn-wi.se needed. 
The hricks are now almost always dried in tunnel driers, which consist of 
a .series of tunnels from 100 to 120 feet in length, through each of which 
a large volume of ail' is driven, heateu by pas.sing it through a furnace. 
The bricks, as tidcen from the machine, .are stacked upon waggons which 
pivss continuously through the tunnels in the oiiposito direction to the 
current of heated air. They are thus first expo.sed to the action of the 
air which is leaving the tunnel, and which has lost much of its heat and 
has become charged with moisture. As the waggons gradually pass 
onwards they encounter drier and hotter air, until on reaching the 
further end they have become perfectly dry and ready for the kiln. 
The bricks may remain in the tunnel, which is kept constantly filled 
with waggons, for about twenty-four hours. One tunnel, 100 feet long 
with two waggon-ways, will dry from 7,000 to 8,000 bricks in the 
twenty-four hours; the e.lliciency being stated to be an evaporation of 
about 13 lbs. of water to the pound of fuel. 

Enajiloyment of Rotary Driers.—The time during which the slurry 
remains in the backs is frequently shortened by drying a part of it in 
rotary driers wid mixing this in pugmills with wet slurry in such pro¬ 
portions as to bring the whole mass into a fit consistency for being 
made into bricks. The rotary drier is a slightly-inclined, slowly-rotating 
cylinder, from 30 to 40 teet in length and from 4 to 5 feet in diameter. 
The products of combustion and the heated air from a furnace constructed 
at the lower or discharge-end pass through the cylindar in direct ^jontact 
with the material Ijp Iks dried, which is continuously fed in at the 
upper end.* Various (Jfivices adapted to the material under t*catment 
are employed to bring it into contact wiA the hot gases during its 
pass&ge through the cylinder, to facilitate its progress, and to prevent 
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it from adhering to the interior lining. In some forms of, the apparatus, 
the hot gases fiitst circulate found the outside of the cylinder and then 
pass through the interior in the opposite direction to that in which the 
material is travelling. A rotary drier working on slurry will evaporate 
approximately 10 lbs. ‘of water per lb. of fuel. 

Brick-making at English Cement Works.—The system of making 
the slurry into bricks has Ixion to some small extent adopted in England, 
but the cost of labour Irill prolxibly prevent its very general application 
in this country. At the .same time it must be remembered that, with 
the use of dry .slun-y, kilns may bo employed which are much more 
economical in fubl consumption than those which are now u.sed both to 
burn the material and also to dry a .sufficient amount of raw slurry for 
the succeeding charge. 

American Practice.—In America, soft and sometimes wet marls 
from the beds of wholly or partially dri<d-up lakes are largely used. 
The deposits in question vary in depth and are .sometimes overlaid by 
peat or soil, while beneath them are frequently found beds of gotkl 
cement clay. 'J’he methods employed for obtaining the marl are adapted 
to suit its condition in the bed. In dry situations, mechanical excavators 
are used both for removing the surface soil or peat and for extracting the 
marl, which is deposited in waggons for removal to the works. If the 
deposit occurs at the bottom of an existing lake, it is obtained by means 
of dredging and the loaded Imrge if then brought as near as possible to 
the works in order that the contents may be discharged by pumps into 
receiving tanka. The same method is employed in swampy ground, in 
which case a grab-dredger is u.sed. Under these circumstances the 
excavated portion becomes filled with water, and the dredger thus forms 
its own channel as it moves forward. 

When extracted in this way, the marl is frequently too stiff to pump 
and yet too soft to lx; easily placed in waggons. If waggons are used, 
the grabs discharge into them direct, and the waggon-roads are in this 
case laid alongside the channels. It is sometimes possible tovarrango 
that the transport to tlio works shall be effected by conveyor-belts. If 
pumping is resorted to, the grabs deliver their contents ..into a pugmill 
fixed on the barge and sufficient water is added to produce a thick 
slurry which is allowed to collect in the bottom of the barge. This 
liquid, slurry is either pumped through a pipe-.Uhe, arranged on trestles, 
passing from the barge to the receiving tank in the works, the pipes 
being shifted as the excavation proceeds, or a pipe is daid from a fixed 
point to which the b&rge is brought, as in the ease of dredging from a 
lake. • ‘ 

Modes of Dealingwitk.lDifferent Materiala.--The treatment of the 

.materials varies considerably, scarcely any two works adopting the same 
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methods, but, wnaiever may oe tne mecnamcai means employed, great 
care is invariatily taken to ensure the accuracy, finenose, and uniformity 
of the mixture. The washmill is not in favour in America, but tanks 
fitted with arms attached to a revolving vertictd .shaft are in frequent use 
for stirring. In some cases the stirring is done by means *of blowing in 
comjjressed air, for which purpo.se a number of small pipes from the 
mains are conducted so as to reach nearly to the bottom of the mixing 
tanks. The mixture of the marl with clay is gewerally effected by heavy 
edge-runners, working in large pans; wet milling is carried out either by 
the use of the tube-mill, or by means of mills consisting of vertical steel 
discs revolving at a high speed in opposite direction*. The .slurry is 
introduced at the centre of the discs through a hollow .shaft and -it 
e.scapes at the circumference into a tank placed bemath. When rotary 
kilns are employed, the wet slurry, which often contains as much as 60 
per cent, of watei’, is pumped direct to the tanks supplying the kilns. 

Use of Shaft Kilns.—The us(! of rotary kilns although general in 
America is not univ('rsal, some of the older works employ a brickmaking 
pres-ess with shaft kilns. Under the.se conditions, when using hard marls 
ro({uiring tin; .addition of water, the process follows fairly closely the 
Continental practice, except that backs are net employed. The quantity 
of w,at(“r is restricted as much as possible : a part of the .slurry is passed 
tlirough rotary driers and is used to stiffen a further portion of wet 
slun’y, and tlic plastic mass is subsequently moulded into bricks which 
arc dried as we have seen in tunnel driers. 

With soft, wet jnarls the s.amc method may be employed with 
advantage. ’^Phese marks, however, often occur in such a finely-divided 
state as to render milling unnoce.s.sary, all that is needed is to intimately 
mix them with the finely-divided clay. This is fici)uently effected by 
grinding the clay to powder, after drying it in rotary driers and mixing 
it in the required proportion with the wet marl, but this does not always 
produce a sufficiently stiff mixture for brickmaking purposes, and a 
portiom has t^ lie driixl in order to temper the remainder to the proper 
consistency. 
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CHAPTEIl IX. 

THE DEY PROCESS; TREATMENT OF THE RAW MATERIALS 
^BY DRY METHODS, 

Contents. —The Dry Process in England—Use of Lias Materials—Widely different 
Character of Raw Materials—Drying the Haw Materials—The Preparation of 
the Raw Flour from Limestone and Clay—Silos—Automatic Weighing— 
American Practice with Hard Limostoue —The Edison Process—The Treat¬ 
ment of Soft Materials-—IVocoss Employed in Denmark—Cerman Process- 
Modified Engliali Process—Preixiration of Raw Flour for the Kilns—Brick¬ 
making. 

The Dry Process in England.—Tliis inoeess liad its origin in this 
country, and was first employed for deciding with the limestones and., 
shales of the lias formation. It has, liowtH'er, made much greater pro¬ 
gress in other countries than it lias in fmr own, for reasons that are easily 
explained. The materials in the London district, from which the prin¬ 
cipal shipjiing trade is <lone, art; mueli Ix'tter adaphsd for treatment by 
wet than by dry methods. At many places inland, where suitable hard 
materials for cement making oceui‘,''^Woi'ks employing the dry process 
have sprung up and flourished. These works supply a home market, 
capable of being r(‘ached within a risasonable district by rail; but such 
factories an; entirely shut out of the shipping trade, for cement Avill not 
in this country bear previous camagi* to a port for shipment, while even 
Avhen seeking markets in or near a port, manufacturers have to compote 
with cement brought in by vessels, often at a less cost for freight than 
the expense of sending by rail to the coast from their own works. The 
dry process has therefore had, and must continue to have, a limited 
application in this country; hence it has not jirogressed so rapidly as in 
many )i]aces abroad, where tlie nature of the materials rendbr its adoption 
necessary. Carboniferous limestone is to some extent employed for 
cement making, but the materials most generally used in England for the 
dry process are obtained from the lias formation. The nature of these 
materials, and the system of manufacture adopted for dealing with them, 
may Ixi briefly considered, before passing on to a general rc,yiew of 'the 
subject. ^ t 

^The Use of Lias tMaterials,—The lias foruyition consists of layers 
of impuiY limestone of varying thickness, parted^by seams of shale or 
clay—th6 total thickness oi tjie latter beds generally considerably exceeds 
that of the stone. As i*egai*ds contents of cai’bonate of lime, the layers of 
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stone vary considerably; in some cases they approach very closely to that 
re<iuired for if cement mixture. Complet* analyses oft typical lias lime¬ 
stones have been given on p. 11, and in the following table are the results 
of partial analyses of 24 layers or “ fioois ” of stone from a (|uarry in the 
Midland counties, the partings consisting of clayt In any^one .selected 
lias jjjuarry, the pei'centage composition of the clay in the layers of stone 
may l)e taken as being r(‘])resentative of all the others. This is not true 
of the shales and clays which are very irregulw in thcii- composition. 
Some are high in magnesia, while others often contain sulphur combined 
with iron as iron i)yrites to such an extent as to uidit them for cement 
making. Analysis No. 1 is that of the top laj’cr. • 
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No. 


O.VHlf of 

Iron. 

Alumina. 

Curlionato of 
I.inic. 

Curl >0)1 ate of 
Alag. 

1. 

13*30 

2*89 

4*08 

77*52 

i-2;i 

2. 

14*20 

3*08 

4-3G 

74*71 

i-i» 

• 3. 

12*14 

2*(»4 

3*73 

78*41 

-98 

4. 

11*03 

2*53 

3*57 

70*45 

l-g4 

15. 

11*04 

2*40 

3*40 

79*92 

1-46 

0. 

JII7 

2*43 

3*43 

79*39 

1-40 

7. 

ISll 

2*85 

4*13 

76*29 

1-36 

8 . 

10 13 

2*20 

3*11 

81*69 

1-40 

9. 

1015 

2*27 

3*12 

81*05 

1-54 

10. 

10-78 

2*34 

3*31 

80*49 

1-24 

11. 

14 06 

3*09 

4*32 

74*81 

1-25 

12. 

11-03 

2*40 

3*41 

80 22 

-91 

13. 

10-10 

2*22 

3*13 

81*82 

1-40 

14. 

l-J-44 

2*70 

3*83 

77*14 

1-05 

15. 

11-71 

2*54 

3*58 

78*47 

2-22 

1(). 

13-31 

2*90 

4*09 

76*37 

1-72 

17. 

12-81 

2*78 

3*91 

75*53 

2-91 

18. 

11-73 

2*50 

3 *00 

78*49 

1.34 

19. 

9-75 

2*13 

3 00 

80*87 

2-31 

20. 

10.30 

2*24 

3*17 

80*30 

1-86 

21. 

10-04 

2*31 

3*28 

78*97 

2-01 

22. 

10-74 

2*33 

3*32 

79*39 

2-05 

23. 

10-OS 

2*18 

3*13 

81*21 

1-42 

24. 

4 

15-98 

3-47 

5*11 

70*53 

1-17 


• 


_ — -__ 

. _ ... 

.. -. 


With such,materials as these, tlie preparation of a mixture of uniform 
composition is not a difficult matter. It will be observed that the per¬ 
centage of carbonate of lime in all of tJiem varies but little from that 
reqjiired for a normal 'cjment mixture, and all that is necessary, there¬ 
fore, is to grind them together with sufficient clay to bring the percentage 
of carbonate of time to about 76 per cent. Owing t8 the clo.se approxi¬ 
mation of those ligiestones to cement mixtureiv, and the extremely 
intimate iTatural admiacture of the carbonate ^f limi^and clay, •which is 
far more perfect than anything which can be»produced artificially, cement 
maSe from them may safely contain 1 or even 2 per cent, more lime than 
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if made from an artificial mixture of carbonate of lime and clay. The 
preparation of atuniform mij-ture is not always so easy a matter as in 
this case. The following table gives the percentage of carbonate of lime 
in the successive layers of another quarry, also in the Midland counties. 
It will be noficcd that in this case the proportion of carbonate of lime in 
the stone.s is higher than it wa.s in the prcviou,s example. The parsings 
between the floors are entirely composed of shale of varying degrees of 
hardness; tho.se contaiiii'ng the highest percentage of carbonate of lime 
being invariably the hardest. The line of separation between stone and 
■shale is not, however, very sharply defined. Adhering to the stone, but 
separating easily'from the shale, is a layer of somewhat intermediate 
material of very irregular composition, from 1 to 2 inches in thickness; 
this is locally known by the workmen as “ scull.” 


Floor. 


PtTcentaire 

Floor. 


IVi-opntapc 


of CaCOj. 


of CaCOj. 

No. 1, 

. iStono, 

75-20 

No. 6, 

. Shale, 

51-71 

2, 

Stone, 

83-12 

0, 

. Stone, 

88-22 

„ 2, 

. Shale, 

50-87 

ft 5, 

. Scull, 

68-.54 

3. 

. Stone, 

85-00 

„ 6, 

. Shale, 

49-02 

„ 3, 

Scull, 

78-39 

„ 7, 

. Stone, 

84-49 

3, 

. Shale, 

39-80 

„ 7. 

. Scull, 

69-59 

„ 4, 

Stone, 

80-15 

„ 7, 

Shale, 

51-34 

4, 

Shale, 

48-59 

.. 8, 

Stone, 

81-83 

„ 4, 

Shale, 

50-60 

f „ 8, 

Scull, 

77-13 

„ •% 

. Stouo, 

88-14 

„ 8, 

. Shale, 

48-42 


SciUI, 

09-05 

.> 3, 

. Shale, 

.58-12 


The system of manufacture generally adopted is briefly as follows :— 
The floors of stone are .stripj)ed off one by one; they are cleaned of shale 
and clay, and when brought to the works are .stored under sheds, each 
layer separately; and the shale or clay is then dried on heated floors. The 
weighed quantities of each are cru.shed by a stonebreaker and ground to 
raw flour, frequently by millstones, which are well adapted for these 
materials. The treatment of the raw flour varies considerably in dillerent 
works. In .some cases it is pugged with water to a stiff slurry, which is 
dried either over flues on hot floors, or in chambers hcate<j by the waste 
gases from the kilns. In others it is made into a wire cut or plastic brick, 
while in the most modern practice it is pressed into semi-dry bricks, con¬ 
taining about!) per cent, of water. The method of burning and grinding 
the i-esulting clinker will be dealt with when we are considering the 
whole .s'ubject of ce.nent burning. Some of the English, works have been 
equipped with quite usodern appliances; the crushixl materials are dried 
in rotary, driers, and the product is ground by ball- and tube-mills. 

. Widely Diflferent Charr.oter of Eaw Materials.—The treatment of 
• hardanaterkls as regards the first stage, the nrenaration of the raw flour. 
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^u will **o^v be con 

sidered mln the widely different physigal and chentical properties of 
the materials from which Portland cement is now made by fheTlr/p^ 
cess are eomsidered, it will be evident that no method I niiiveLaUy 
apph^ble. As examples of the different snbsh«ces available, wo Z 
teke^the induraW chalk of Yorkshire and the North of'j.vland, nearly 
a pure carbonate of lime, soft as compared with limestone, but more 
suitable for treatment by the dry j,recess t^in the wet; the hard 
crystalline and nearly pure limestone of the carboniferous and silurian 
formations; the impure limestones of these formations in which the car- 
bonati> of lime often falls below that required for a cea.ent mixture and 
ttie impure has limestones previously referreil to. Amons clay materials 
mj be mentioned carboniferous and silurian shales, carboniferous lime¬ 
stone shale.s, has .shales and clays, and boulder and alluvial clays 



Fig. 4.-Plar. and Section of Lathbury & Spackman’s Rotary Drier. 

the Raw Materials.—Before beginning the grinding what 
ever the raw materials may be, they .should be ab.solutely dry. WlLneZ 
tins IS possibie the drying should*be effected after crusLg^ the crushed 
material passing from the cru.sher through a rotary drier on tsZZ Z 
gnnding mills. This form of drier was de.scribL geneZZ^p iS 

when dealing with the Question of drying slurrv For D, ^i- 

ndo tJT I, -.r general arrangement pf the drying nlant 

^opted by Messrs. Lathbury & Spackm^ is illustrated in^pltn and 
section at Fig. 4, and the drying cylinder, Tcoui^e of erectZ SZoZ 
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in Fig. 5. The internal shelves are seen in the section (Fig. 4), which 
also indicates thf inclined position of the cylinders and 'the position of 
the 'furnace. This method is particularly applicable for materials that 
contain little moisture and which admit of being cru,shed as brought 
from the qndrries, sush as limestone and some kinds of shale. The 
mixture may, if flosired, be made in such cases as these at the^time 
of ci ushing. With clay or soft damp shale this is not possible, such 
materials must in the fijst place Ik; dried before they can be mixed with 
the limestone. This may be done on heated lloors, but it is a somewhat 
costly proce.ss, and, exc(^pt in small plants or when the addition of only a 
little clay is neceasary, this .system is not often employed. Rotary driers 
may be used, but in many cases the drying kiln or b)wer is employed. 



Fig. 5.—Latlibnrj- and Spackraau’s Driers during Erection. 


Employment of the Drying Tower.—This is a vertical towei-, often 
of considerable height, in the lower part of which is constructed a per¬ 
forated dome of briskwork. Hot air and ga.ses from a fprnace enter this 
dotoe and pass upward, through the perforation.s, the draught being main¬ 
tained by a fan at the top of the tower. The ..tower is kept full of 
material which is fed in at tlje top and passes down\vards by gravitation, 
. meeting the hotter and'drier air and gases as it descends. The contents 
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are taken out quite dry from a series of openings arranged round the 
euter wall of «bhe tower Fig. 6 shows thg Smidth to,rer from a photo¬ 
graph. The square shaft seen on the left contains a lift, by which the 
material is raised to the top of the tower in small waegons. I„ some 
cases a cab eway delivers it at the top, direct fion* the qv^-ry or excava- 
tioin So long as the hot air can bo uniformly drawn Ih/ough it, the 



Fig, 6. —Tho Smidth Drying Tower, 

tower will vark with a moderate proportion of small material, but if the 
raw material consists principally of small fragment particles it isW to 
use the rotery drier. Very wet clay should be stored under cover until 
solfd t ^ith sonjie of its water, otherwise it will be liable to con- 

solute when tippedanto the tower, and it «ay thus prevent the passage 
file heated air. Artificial drying may sometimes be avoided; thus it 




112 


CALCARKOCS CEMENTS. 


the works of the Californian Portland Cement Company, calcite and clay 
are the raw mate-ials employed; the clay pits arc about 30'miles from the 
works and the clay is ploughed up in jaitchcs during the summer, and, 
after exposure to the hot dry atmosphere until dry, it is brought to the 
works by rail-and stored in bins of S,©©© cubic yards capacity. 

The Propa'ration of the Raw Flour from Limestone and Clay.— 
Two methods will be described. Both are in actual use, and may be taken 
as typical of the best .modem practice for dealing with limestone and 
clay. In the first case, the materials are of regular composition and are 
fairly pure. The clay is dried in tow(‘rs; the litnestone, which is hard and 
no:nibsorbent, is.,not dried, and both these substances are then crushed 
together in quantities which are weighed by hand ; each mixing, which is 
turned over with the shovel as fed to the crusher, amounfs to .about 
4 cwts. The grinding is eflfectt'd by Gritlin mills, and the material passes 
ilirect fioin the crushers to the suj)ply-hoppers. These are not large, 
being only of suHicient capacity to ensure a constant supply to the mills. 
Any attempt to bulk the (u-ushod material at this stiige would result in p, 
product of very irregular composition, as the clay an<l the fine portion of 
the stone would have a tendency to filter through and separate from the 
coarser stone, thus giving alternately an overchiyed and an overlimed 
product. The flour from the mills is collected by .screw-cojiveyors which 
deliver it into .storage bins or silos. 

In the second case, the limc'stodfl is of consbint composition, W'hilo the 
clay contains a small but varying quantity of cjirbon.ate of lime. Both of 
these miiterials are dried .separately, and the stone is roughly crushed 
and passed from the cru.shers automaticidly through rotary driers. It 
is then raised to the feed hoppers of ball-mills, and is reduced to a 
coarse powder which is elevated and delivered into storage bins. The 
clay is also dried by rotary driers, and is then crashed between rollers 
to a powder which is elevated to storage bins, from which samples are 
witlidrawn for testing; the proper proportion of clay to limestone being 
calculated from the result of each crushing. The coarse powders are both 
withdrawn from the bins by worms, and the weighihg is done by 
automatic machines, which discharge 'Into a conveyor that mixes and 
carries the material to tube-mills. In the.se mills the final grinding and 
mixing is efhicted, and from them the flour is taken by conveyors and 
is elevated to the hoppers supplying the rotary kilns. 

Silos.—The employment of silos for containing raw figur has Deen, 
referred to, and tkeir ase may now Ire briefly consklered. Their con¬ 
struction rau.st depend entirely on the purpose for which they are 
required, With raw materials of uniform composition, and in which 
little variation in Iho prSd^ict is likely to occur, they may be used for 
storing a supply of flftur, arid at the same time may serve to equidise 
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any slight irregularities occurring during the process of crushing and 
grinding. In <this case they are generally of large sizt^ the flour being 
drawn from them in several places by worms, which all <lischarge'’into 
one mixing conv(;yor. With irregular materials it is usual to construct 
several silos of modoiato size, the contents of whicl^may be •tested before 
they are drawn out. By simple arrangements of extracting worms and 
elcviftors, these silos may b(i made to answer all the purposes of the 
dosage basins of the wot process. It is thus possible to carry out the 
mixing mo.st elliciently by continuously extracting the flour at the 
bottom, and elevating and discharging it again at the top, either while 
the .silo is Ix'ing filled or afterwards. The contents of, one silo, if it be 
overlimed, may be mi.xed with the contents of another that is overclayed, 
by witlidrawiiig the contents together and discharging tlii'm either into 
a third silo or into the main conveyor. Again, the contents of one silo, 
if of incorrect proportions, may be di-awn out and discharged into another 
that is being filled from the mills, the material from which is adjusted to 
correct that from the silo, while .at the .same time the mixture may be 
perfected by continually withdrawing the contents at the bottom and 
di.scharging them at the top during the time that the filling is in 
progress. 

Automatic Weighing.—Beference may be made to a system of 
automatic weighing, which we believe was de\i.sed by the late F. .1. 
Sniidth, which enables a very accurate mixture to be made when dealing 
with two materials when the final grinding is by tube-mills. The 
materials are groiiml in a dry condition to coarse jiowders, which are 
coliectisl in separate bins. Two “chronos” automatic machines, one for 
each material, are coupled together in such a manner that the hoppers in 
which the materials are weighed will only discharge simultaneously, and 
then only when each of them has received the exact weight of material to 
which it is .set. 'J'he coarse powders arc withdrawn from the storage bins 
by Avorm.s, and the machiiics are under the eontrol of the chemist in 
charge, ^ho regulates them, and vvho alone has access to them. A 
counter attach«l to each machine .shows the quantity of material that has 
pa.s.sed through. The weighing ma«hiue.s discharge into a .screw conveyor, 
which mixes, iJhd at the same time conducts, the coarse powder to the 
tulie-mills, which both grind and effect a very intimate mixture of the 
ingredients. 

American Practice Vith Hard Limestone.—The manufacture of 
Portland cement by the dry proces.s from hard matoriul.s ha.s attaiaed its 
greatest development in America; by far the largejt quantity of cement 
made in thqf eountry*being produced from limestone. The princijial seat 
of the industry is in flie Lehigh Valley, PoiA.sylvafiia, the lime.stone 
which is employed occurring on each side d? the dLiehigh River, in the 
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neighbourhood of Coplay, and also across the Delaware, near Phillips- 
burg. New Jer.Sjy. Tliis .stone forms part of the siluVian formation, 
and in some cases is a nearly pure carbonate of lime, in others it consists 
of hydraulic limestone known as “ cement rock,” contoining from about 
C8 to 72 per cent. *f carbonate of lime. This I’ock is sometimes of 
uniform composition, but frequently tlm percentage of carbonate of lime 
varies in the diil'erent bc<ls. A cement mixture is made of the two rocks, 
and while the method ,yf preparing and grinding dill'ers in details and in 
the plant emjiloyed, the general principle is the .same in all the manu¬ 
factories. Drying previous to grimling is universal, this Ireing effected 
by rotary driers .ifk'r crushing. Wlien each kind of rock is of uniform 
compo.sition, the <iuantii.ies are generally weighed at the commencement, 
previous to crushing. If the composition is irregular, they are roughly 
crushed, dried, and either very finely ei'u.shed or coarsely ground 
.sejMirately, the ])i'oduets being stored in bins foi' .sampling and testing for 
carbonate of lime. 'I’he weighing is carried out by automatic mardiines. 
The use of either ball- or tube-mills or of Griffin mills for grinding is 
almost universal in the most recent plants; in some of the older ones 
millstone.s, built either of French burr or of rock emery, are still in use. 
.Silos, as such, are not a feature of Amerie.an practici', the ground material 
being generally conveyed from the mills to the hojijiers or .stock bins 
supplying the rotary kilns. 

The Edison Process.—'J'his i# an eutii e departure, from existing 
methods. The plant is situated at Stewartsville, near Philli]).sburg, New 
Jersey, .and is designed to prodmxi 1,.')00 tons of cement per day, a 
commencement being made with half this quantity. The materi.als .are 
cement rock and nearly jmre limestone, and the crushing and grinding 
are effected entirely by rolls. Each rock is coarsely crushed separately. 
The first rolls are i) feet wide and .5 feet in diameter. After passing 
these rolls, the material falls successively through' three other pairs of 
rolls, each of .1 feet in diameter, which reduce it to a size of IJ inch and 
.smaller. The crushed material is carried by conveyor belts to the driers. 
The.se arc vertical towers heated by coal fires at the bivttom, and filled 
with inclined cast-iron baffle jilates or shelves, down which the material 
passes. From these towers it is conveyed by belts to storage bins, the 
cement rock and limestone being still .sejvarate. From these bins each 
material is weighed automatically, and the mixture is carried by conveyor 
belts to the fine grinding rolls. The process now becomes a system of , 
grinding and separation. After leaving the rolls, a pertain quantity of 
the material pas.ses in a thin stream in front of Jth? outlet from a blower. 
Of these there are 16, each of which is provided pith a box having muslin 
sides. The fine dust is blpwn into the muslin-lined boxes, which retain 
it, the airjaassing thibugh the muslin. The coarse stuff falls upon rfbelt. 
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and is conveye(^ back to the r olls for further grinding. Tlie dust, 96 per 
cent, of which is said to pass a sieve havirfg 40,000 meshes per square 
inch, is conveyed from the boxes to a floor', on which it falls layer above 
layer, and is turned ovit and mixed by a rotating sci'ew. Frj>m this floor 
it is conveyed to the rotar}’ kilns. 

Tl^p clinker is ground and sejwir'ated cxju^tly as is the raw material, 
except that the first, or 5 b'ct rolls, arc hei*(! dispeiist'd with. As regai’ds 
the quality of the ju’oduct, this process will certainly give; no better 
rvsults tlian such as art* obbvin(*d l)y the mt'tbods usually employed in the 
same district, and which wc have previously d(*sciibed. Time only can 
s<*ttle tb<* question of comparative cost. This ])i*ocess wTtaiiily violates 
the gt'iieralJy acct'pted pnnci])lt‘ that Hit* constituents sliould he brought 
into a stiite of extremely intiniatt* .and uniform nnxture, for the systt^m of 
st'pai’ating anti I'egrinding is not favourahlt* to tin* tittaininent of this 
result. .\t the s.ame lime it must be rt'inentbei'ed that tln^ cement rock, 
which .■ij>]Udach(*s \eiy closely the (iomjKisition of a cement mixture, 
fofms from 80 ht 90 j>er cent, of tht* Avh()le, and tin* rc'sulting product 
must c(uise(iu('ntly he more j)erfectly C(nnpound<'d than if pure limestone 
constiluted the greater jwirt. One of the most disiistrous failures w(* ever 
knew resulted from the use of air separators ujK»n a mixture of iu*arly 
])ure limestone and soft shjile. 

The Treatment of Soft Materials.—ATany "works using soft matcu’ials 
manufacture by the flry ]>rocess ; hut, apart fi’om otlier considei’ations, the 
clioici* of metliods jnust be influenced by the facility with Avhich such 
mat(*rials may he dried. 'J’lius the w.at(*r in chalk, chalk marl, and many 
kinds of clay juay he (*asily got lid of, wJiile tins sticky, tenacious, alluvial 
mud use<I on tht; Jhames and Medway, and the soft Ainoiican marls, 
ohlained by dredging, could only he dried at a prohibitive cost. Tf the 
burning is conducted by rotary kilns, tlu; wet process should certainly 
he employed, as, although wet slurry requires more fuel to burn it, and 
longer kilns are needed than for the powder of the dry process, the fuel 
is bothn*empl( 4 ved in the kilns than in drying the materials before 
grinding, while the cost of manipulation is less. In the early days of the 
rotary kiln proftt^ss in America, it was customai-y to treat dredged marls 
by the dry process, a practi(ie afterwards abandoned in favour of the wet 
ti'eatrnent. Tlu* dry process is again being reverted to in one or two 
instances, hut we questioH if the results will be commercially successful. 
Another poini; which should be taken into consideration is tljat of 
climate. In countft'es subject to severe winters, a wet process plant must 
necessarily suspend operations dunng frost, while, by the use of the dry 
process, vorTc may he cotitinued throughout the year. Jn the Caitibridge 
district some of the manufactories employ th^^'et process, others use the 
dry process, tlie materials being in all cases exactly similar—^iz., chalk 
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and chalk marl. Many works on the Continent of Eur^e also employ 
the,,dry proce.ss'for .soft maWria. 

Process Employed in Denmark.—The sy.stem adopted at the 
Aalborg wofks in Denmark may be bore described as typical of tills 
practice. .Tlvi mate?lal.s are chalk and clay, which are dried in towers. 
Each ingredient is cru.shcd .sejmra ly to a granular condition bji rolls, 
and the recjuired quantities are u.en weighed by coupled automatic 
macbine.s. The mixtufc i.s carried and further mi.xed by a .screw-conveyor 
to the grinding mills. These are under runner mills, fitted with French 
burrstones 4 foot in diameter. The flour is collected in silos of large 
size, from whicli it is withdrawn in several places by worms. 

Grerman Process Described.—At a Gc'rman work.s usiiig chalk 
marls an entirely diflerent method i.s employ ed. The marls as quanutjd 
are weighed in the correct pi'oportion.s and introduced into an edge-runner 
mill with a peiforated pan. From this mill the mixture passes .succe.s- 
sively through a rot.ary drier, rolls to break up any hard nib.s, and a 
tube-mill. This arrangement of pan-mill, drier, rolls, and tube-mill, fortus 
one unit of plant. The line flour from the tulje-mills is moistened 
with a little water in a mixer of th(‘ pug-mill type, and is made into 
semi-dry bricks. The materials now being considered an; very hygro¬ 
scopic, and if the tube-mill is employed for grinding this must imme¬ 
diately follow the drying, which must be perfect. The tube-mill, excejit 
when employed in the wet w’ay, will not work on materials eveji slightly 
damji; and unless perfect dryness can be ensui-ed, it is better to cmj>ioy 
•some other system of grinding. French burr mills will grind materials 
not ptu'fectly diy, and indeed are very suitable for those under con¬ 
sideration, but a much better output is obtained from a perfectly dry 
material. 

At another German works employing hard and .soft chalk mails the 
system in use is a combination of both the wet and dry process. The 
hard marls are prepared in the dry vvay, the soft marls by the wet; the 
flour in the one case and the slurry in the other being pf strictly normal 
composition. The two are mixed in pug-mills to such a consistency as to 
admit of being made into wire-cut bricks, which are (.Iricd in tunnels. 
It is evident that in preparing the mixture no care need be taken except 
to ensure the proper con.si.stency, both materials being normal. 

lAodifled Drooesa Employed in England.—A somewhat similar 
process has been employed for many years at a small works in England, 
the materials btung a hard crystalline limestone aneba soft alluvial clay, 
each being of consfant composition. The limestone is ground to a fine 
powdhi, and is mixed ^in the required proportions with clay, in wash- 
mills to form a thipk sltpry, which is dried either on heated floors or 
by the wiste gases from the kilns. 
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Preparation of the Haw Ploiir for the Kilns—Brickmaking 
Process. —With rotary kilns no further treatment of th^ raw raaterjals 
, after grinding is necessary. It is conveyed from the mills to the bins or 
hoppers supplying the kilns. In the state of flour it cannot Ijp dealt with 
injfixed kilns, and it is now usual to either png jftid wirq-cut it or to 
comprgss it into biicks. If limestone forms the whole or a con.siderable 
part of the mixture this is not an easy process, as the material does not 
cohere, and the bricks are soft and friable. iW, an American works 
using limestone entirely, and making jilastic bricks, it is the practice to 
mix a little natural cement with the flour when pugging. This gives 
the bricks a slight set, .and renders them after drying suflicieutly hard to 
be handled. With materials th.at are pl.astic when sutliciently moistened 
and pugged, wire-cut bricks may bo made, but they require drying before 
they can be burnt. This is usually done in tunnel driers, to which wo 
have roferixsl when dealing with the wet 2 n'ocess. AVith any material we 
jirefer to make semi-dry bricks, as they are denser and more easily 
handled than if made jAastic, and in many cases they may go direcd to 
the kiln without further drying. It is not clear towdiom we are indebted 
for this process, or wdiere it wiis first employed. It was very fully dealt 
with by Henry Eeid in his book published in 1877, and several types of 
semi-dry machines were described; but we are not aware whether it was 
in actual use at the time. AVe ourselves, .after some preliminary experi¬ 
ments with hand-pressing, put it into practice in 1883 on a mixture of 
lia.s limestone .and shale—a very unfavourable material to deal with, as 
the flour was entirely wanting in plasticity when wetted. After many 
failures, we succeeded in producing bricks that were sulHcicntly ilense to 
bear handling and stacking, and yet not so much .so as to bo difficult to 
burn. If too dense, the outside becomes overburnt before the centre has 
clinkered. The machine used was the Whittaker press, which is largely 
employed for making semi-ilry bricks from slialc. Fig. 7 is an illustra^ 
tion of a single die press which will make 500 bricks per hour. It is 
now use(> in m^y cases in this counti 7 for preparing raw flour for the 
kiln, as also are machines of the Jtoggle-lever type. The Dorstemmer 
hammer press generally used on the Continent, the brick receiving 
three blows from a falling hammer. It is important that the flour 
shoidd be uniformly moistened, and the quantity of water required varies 
from 9 to 11 per cent., aaoording to the nature of the material and the 
flneness to which it is ground. The mixing may be done continqpusly 
by means of an ordinary paddle-blade conveyor. * 



Figft 7. —Single Die Whittaker i^ress. 
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CHAPTER X. 

THE DRY PROCESS: CRUSHING, GRINDING, AND AUXILIARY 
MACHINERY. 

Contents.—C nishiiig and Grinding Machinery — Stoncbrcaker — The (Jyratory 
Oruaher—(Jrinding hy French Burr Millstones—The BitJl-mill—The Tuhe- 
ro.Il—The Kominor—The Griffin Mdl—Spiral Conveyors—Belt Convoyoi’s 
—The Tray and Swinging Conveyors—Elevators. 

Crushing and Grinding Machinery.—Ei-oin tlio <le.scription given in 
an earlier ehapt(!r it will be understood that only materials capable of 
being brought into a fine .state of subdivision by means of trituration 
with water are adapted for treatment by the wet proces,s. Many .soft 
materials, however, such as chalk, chalk marl, and certain shales and 
clays may, by previous drying, be dealt with quite as efliciently by dry 
methods as by wet grinding. Hard materials must be ground in the dry 
.state, and, with the extended knowledge of cement inanufacturoi-s, and 
fhe vastly improved grinding machinery placed at their di.spo.sal in recent 
years, the u.se of sindi materials for cement making has become very 
general. The grinding jilant in a works using hard lime.stone becomes an 
important consideration when it is remembered that, in addition to every 
100 tons of cement clinker needing to l«i ground, about l.'iO tons of I’aw 
material, often of an e.xtremely hard nature, have likewi.so to be reduced 
to powder, and that, as is the ca.se in the preparation by wet methods, the 
grinding must be done with extreme <are. It is therefore important 
that we should deal with the various type.s of machines that are used at 
the present time in cement works for crushing, grinding, conveying, and 
elevating* dry materials. It is now very usual to mnploy precisely the 
same class of machinery for grinding both the raw materials and the 
cement clinker^ and in many Anierican works using hard limestone 
for cement making, the grinding plant for the raw materials is an exact 
counterpart of that employed for grinding the flni.shed cement. 

Whatever .system of grinding is adopted, preliminary crushing of the 
material is necessary, and for this purpo.se the stonebreaker is generally 
employed. Two types of this machine will require t9 be considered—i 
f iz., the .swing-jaw sjonebreaker and that construsted on the gyratory 
system , • 

The Swing-Jaw Stonebreaker.—MosJ of these machines are 
modflicationF of the original patent of Blake ,* these* modifications consist 
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generally of diflerent incthotls of actuating tlie reciproea,ting jaw. W( 
can ))est explain their action by reference to Fig. S, which is a section of e 
Blake machine made by Messrs, llobert Broadbcnt <fe Son, of Stalybridge, 
The raaiii frapje, A, m hich carrie.s every part of the machine, consists usually 
of one eastivg,. which Ai the larger sizes is strengthened by bolts and steel 
bands, but which, in the case of machines made for export, i.s froqunntly 
constructed of steel plates, bolted together ; X is the swing-jaw shaft, and 
1 the jaw ; K* and K" ate the fixed jaw faces, and .J is the swing-jaw face. 
These fiu;e.s arc of chilled iron or manganese steel, and they are provided 
with vertical V-.shaped grooves which bite into or engage with each other. 
When woi n at tfie bottom, these j)arts may be turned end for cntl, and 
they will again wear for a considerable time. For the manufacture of 



Fig. 8.—Section of Blake Stoiv'breaker. 


road metal, the grooves are large and deep, the object being to break the 
stone into cubes without crushing it more than is necessary, and to do 
this with the production of a minimum quantity of small material and 
dust. When, as in the case of cementemanufacture, the object is to crush 
the material, the grooves are made very much smaller. Thus, for cubing 
purposes, the distance between the ridges is about 2| inches, while for 
crushing the ribs are generally about IJ inches apart. K* and K* are 
kept in place by the cheeks, H; the swing-jaw face, J, is secured by 
the wedge-bolts, W*. K is tlie driving shaft, the centre portion of whidi 
has an eccentricity of,about 1 inch. This shaft is provided with two heavy 
flywheels, B and C, to either of which the driving jpulley ma,v be bolted ; 
and by lengthening the shaft a loose pulley can, if necessary, be employed. 
The eccentric action* of (file shaft, E, which is driven at a spead of 
260 revoliltions per minuie, imparts a swinging motion to the pitman, D, 
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jind this Motion is ti*ansniitted by the tof^gle-plates, N N, to the moving 
jaw. This jaw approaches to and recodes from the staMonary face, and 
the material to be broktm is eh.arged into tSo hopper-shajied .space at the 
upper |)art of the jaws. It is thus continuously struck, liberated, and 
reduced in size as it pa.sses downwards thi'ough tlnj gradual!^' contracting 
•opcnyig between the jaws until it is sufficiently small to pa.s,s through the 



Fig. 9.—Rlake Stonebreaker—General View. 

orifice at the bottom. The width of this opening is regulated by the 
wedge block, L,*and the return of the swinging jaw is eflectcff by tlie 
drawback motion, 4>,Q,H,S,T,U,V. Any atte*mpt to obtain an ex¬ 
tremely fine product tit one operation by uniluly contracting <;his lower 
orifice will certainly result, sooner or later„m the. breakage of some part 
of the machine, and this will probably be th\eccentric shaft.. 
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If a fine product is required at this stage it may best be obtained by 
tbe use of a second and smaller breaker. The crushed material from the 
firsti)reaker would in this ca.se lx; passed through a rotary screen, formed 
of perforatc'd iron plates, and the portion rejectcsl would then fall lictween 
the jaws of Hie second and smaller machine, which should be set rather 
closer togetker-thnn those of tbe first. The material is thus really sledged 
at the first operation, during which piwess a considerable amount o/dust 
and small is made; this dust and small liaving been removed by the 
screen, the rejected portion, now of moderate size, becomes further 
reduced by using a smaller and moi’e closely set machine, without risk 
of damage. In ^some cases one machine, only is employed, and the 
prcsluct is screemsl, and the rejected portion, as it is delivered from 
the end of the .screen, is again caused to pass bi'tween the jaws; but 
we consider tbe us(‘ of two miichines to be preferalile. Kig. 9 is a general 
view of the Broadbent stonebreaker, which shows the delivery in front. 
This, however, may be arranged with equal convenience at either side. 

Tho Gyratory Crusher.—The crushing action of the pestle amj 
morfeir, where the pestle is .simjily rotateil in the mortar and not u.sed 
in the form of a stamp, has been taken as the model by more than one 
inventor for .stonebreaking or cru.shing as also for grinding purposes. 
Stonebreakers and rough ciu.sbers constructed on this principle have 
long been in veiy general use in America, and although enqiloyed to 
.some extent i?i this country they hay* never been popular here, in 
Fig. 10 we give a sectional pei’.speetive \ lew of a machine of this type 
niiule by Messi's. iladfield of Shcllield. It 's necessary to understand 
that the cru.shing cone. It, does not itself revolve on its axis, but is 
caused to gyrate. As it gyrates it approadics to and recedes fi-om the 
•shell, N; the. distance between the cone and the shell, and con.sequently 
the size of the product, being regulated by rai.siug or lowering the central 
spindle, 1, by means of a band-wheel at the Imttom w'bicb is tiot shown 
in the illustration. The spindle is secured in tbe reviuired place by the 
tighbming .screw, 2. The hollow .shaft, to which the crushing gone is 
firmly attiched, is supported on the spindle by the bafi and socket 
bearing, P, 12, and the gyratory mothm is imparted to this .sliaft by 
the eccentric, G'. The cone mantle, S, and the concave phftes, 0, which 
line the top shell are of Hadfield's mangane.se steel, and these parts are 
easily renewable. A special feature of this machine is the arrangement 
to prevent breakage in the event of tbe fall of a hammer jjr a ci-owBar 
into the«feed opening, which is by no means an unusual qpcuri'ence. The 
driving pulley, J, is noj. fast to the countershaft, 3, but is free to revolve 
were it not for its cotmection to the hub, K, by the two cast-i»on break- 
pin8, 13. The hub Is keyed fast to the countershaft, and the break-pins 
are of sufficient strength t" ‘drive the crusher when working on fhe 
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hardest stone,^but they are not strong enough to .stand any undue and 
exees.sive strain likely to damage tin; machine. 

In comparing the gyratory cnishei’ *with the reciprocating* jaw 
mac line, it is clear that the eflicioncy, or output, will depend upon 
i(. quantity of the material which can lie opi'ra^ed upon'in any'given 
period of time, and it is also evident that of the.se two machilies that one 
will be the most efficient which bring.s into action the largest effective 
crushing surface iii the time in question. The diameter of the cru.shing 



Jig. 10.—Hiulficld's (gyratory Crusher. 

cone of a gyratory breaker is about the same as the widtli of the iaw of 
a reciprocatwg machine which would admit the same size of stone As 
however, the ciscumfercnce is about three time.s tl» diametm-,. and ns 
the cone makes on^ complete gyration for every forward motion of the 
swinging law, It is ej^ident that three times the quantity of material 

re *^*'*'^ r***' Iihicbine. in the s'ame period of time 

as by the machine of the reciprocating type 



I 


Fig. II.—Millstopes and Driving Gear—Sectional View and Plan. 

existing plants. For grinding raw materials, if thay are of a sdft nature, 
millstones can, however, be profitably employed and they may be therefyre 
briffly referred , to. We h&J e prepared a sectional end view and plan of 
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one complete tiurst (Fig. 11), fitted with stones 4 feet 6 inches in diameter, 
forming one of a set of .seven mills arranged in line^nd driven from 
one shaft by nine IJ-inch ropes direct from the flywheel of the engine. 
They are grinding moderately hard limestone and eliy to produce raw 
flour, and receive the material to he ground di»eet from a Blake-type 
erusjier. Our experience, the result of long and careful experiment, 
goes to show that, contrary to the generally received opinion, nothing 
is gained by fine crushing the mahwial prevjpus to grinding by this 
system. The stones make 140 revolutions per minute and the con¬ 
struction of the ge,aring is extremely simple. The wheels arc in halves 
to facilitate remov.al, the pinions ai'e both adjusted«for working and 
lifted out of gear by the hand-wheels as shown by the figure. The 
gearing is easily acccssibln and is situated in a room l>elow the working 
floor, away from dust. The lightening gear, for adjusting the stones, is 
actuatexl from this floor. The .spiral conveyor for collecting the product 
from the mills is not shown in the figure. It is jilaced close to the 
hurst on the wall side, and the cover of the trough is level with the 
floor; it is thus ea.sily accessible for examination, cleaning, and repairs. 
'The stone cases and the whole of tiio feed gear are in this installation 
constructed of wrought iron. On the Continent mills of this type, in 
Hhieh the understonc is driven, are used to a considerable extent and 
are said to give very good results. 

The Ball-mill.—This mill is a German invention, and was originally 
employed for fine grinding, for which purpose, ovving to the small output, 
it did not prove to be an unqualified success. In Fig. 12 wc- show a 
transverse and in Fig. 13 an axial .section of the mill, as made by Messrs. 
Jenisch & Lohnert. Its construction has been departed from in some 
minor details by other makers, but the general principle is the .same in 
all. The machine consists of a rotary drum built up of .steel plates on 
a steel .shaft of .ample strength, and a feed hopper is provided at one of 
the side.s, which sides arc lined with renewable steel or chilled-iron 
plates.* It is made in various sizes up to 7 feet in diameter; each 
machine requiring a given weight of steel balls of different sizes. A 
few additiopjil balls are added from time to time to replace loss by 
wear, as for the efficient working of the mill the specified weight of 
balls must be maintained. A mill having a drum, 7 feet in diameter 
and 40 inches wide, reS'olves at 22 revolutions per minute, and requires 
about 18 cwts. of balls. The feed is continuous. The inner eireum- 
fercnce of the •drum is formed of heavy steel plsftes perforated with 
^-inch holes stepped as shown in Fig. 13; the *end of one plate over¬ 
lapping the.beginning of the next one with a ^paco j^tween them. This 
arrangement has the effect of diverting th« balls from their rotary track 
as the drum revolves, and imparts to then\a dropping motion, thereby 
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Figs. 12 and 13.—Jeniscb &-Lohnert Ball-inill—Type A. 
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portions finally rejected by the sieves fall Imck to the centre of the drum 
through the oj)fnings between the inner plates for further grinding. The 
druin is enclosed in a dust-tight iron casing, and the ground material 
falls into the hopper below in order to be automatically conveyed aw'ay. 
Fig. 14 shows a mi^l of the .same construction as that illustrated in 
Figs. 12 a‘nd'13, except that the .shaft instead of j)as.sing through the 
feed hopper terminates inside the drum and is .secured to a l)o.?s, the 
external part of which is carried by roller bearings. This allows of 
the insertion of large pieces of stone and at tlnr .same time it enables 
the diameter of the feed opening to be reduced while admitting of the 
use of a heavierKjbarge of balls. In a tbii'd type of machine the internal 
shaft and boss are omitted altogether, and the mill is c)U-rie<l by outside 
bosses resting on i-oller bearings. 

The Tube-mill.—This is a finishing or fine grinding mill for dealing 



Fig. 15.—Uuvidsen Tubo-mill. 


with a product which has previously b(!en coarsely ground by .some other 
mean.s, and was introduced to the cement indu.stry about 1895. This 
mill, which was the invention of Mr. Davidsen, of the, firm e£ Messrs. 
Smidth it Co. of Copeidiagen, made rapid headway, anil it' is now u.sed in 
cement works in every part of the "world. The construction of the 
machine, which is shown in Fig. 15, is simplicity itself. It consists of a 
long tube or cylinder rolled from steel plate and welded at the joints, 
being thus entirely without seam or rivet 'J'Ws cylinder is attached to 
cast-steel end-plates, provided with pivots, on which itv revolves Tiori- 
zontally in bearin'gs lined with anti-friction metal. Tli^ pivot at the inlet 
end is hollow, the ma'cerial to be ground being deliypred through it to the 
interiori'pfi the mjll by a worm-feed, either from storage bins ijr from a 
hopper containing a .smal^l reserve sufficient to ensure steady feeding. 
The spur driving-wheel i? keyed to brackets cast on the inlet-end plate. 
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The interior of the mill is lined in the case of the smallest size with 
chilled cast-iron plates; the larger sizes ma^ have similaJ plates, or they 
may be lined with quartzite blocks. The diameter of the smallest mill is 
not .sufficient to admit of the use of the latter material. The mill is about 
lialf tilled with flint pebbles of various sizes, the lajger enesTjeing placed 
uear the inlet end ; the .smaller stones are inserted near tlie outlet. 
Delivery of tlie ground material is arranged for by providing a narrow 
grid, continued entirely round the circumference of the mill, enclosed by 
a du.st Ciising. As the mill revolves, the jscbbles alternately rise and fall, 
the grinding being effected by their cru.shing and rubbing action as the 
material operated on travids along the cylinder. Loss by wear is made 
up by the occasional ins(!rtiou of more pebbles. Tii new plants the 
ball-mill, provided with outer sieves of from 20 to 30 me.shes to the 
limsil inch, is now generally employed for the preliminary coar,se grinding 
before tlie material enters the tube-mill. There is practically no limit 
to the fineness that may be obtained by the use of the tube-mill, either 
by finer prejsiratory grinding, by causing a smaller quantity of material 
to pass through it, or by the use of several successive mills. 

Dimensions and Output.—The Davidsen mil! is at present made 
in the four following sizes, the output from each being compared with 
that from No. 12, which is taken as unity;— 


l>i.iiiietiT. Length. Oulpul. 

No. ]2, . .4 feet, . . . .10 feet, . . 1. 

No. 14, . . r> . .‘.'I . .2, 

No. 10, . , .t ,, 4 inelies, . . 24 ,, . . 21 to 

No. IT'S, . 5 „ 10 ,, . . 27 ,, . . 3jto4. 


Deviations from the original patent have Iieen made by other makers, 
but the changes consist principally in details of the method of feeding 
and in the delivery, which is sometimes arranged at the centre of the end 
instead of at the circumference. In some of the American machines, the 
cylinders, insteatl of being welded, are riveted with butt joints and straps. 

The ^ominor.—This is a ball-mill of an improved type, especially 
d(!signed for j»eparing material for the tube-mill, and it is illustrated in 
Fig. 16. This machine is the invention of Mo.s.sr.s. F. L. Smidth ife Co., 
and it is kno^^n in England by the registered name of “Kominor.” It 
contains no perforated plates, the material to be operated on is fed in 
through a hopper at thy side, as in the case of a ball-mill, and has to 
travfel across the mill until it arrives at the discharge, which is situated 
at the periphery ^on the opposite side to the inlet, exactly as in the 
Davidson tube-mill. After passing out, the dust falls upon the sieves, 
which h^ve.a decided slope towards the inlet end, and the portion which 
does not jms the sieves is conducted back by*a series of pipes and is 
retuilied to the feed-hopper. It is claimed I'that besides the crushing 
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action of the balls they likewise exert a certain amount of rubbing 
action, due to the pas.sage of the material acnws the mill, and it is also 



asserted tfcat the, sloping sieves give a better sifting than the horizontal 
ones in.the old type of baJl-mill. A comparative test on limestone 
between a “Kominor” ajfd‘a ball-mill of equal size was recently made at 


Fig. 16.—The Kominor Mill (F. L. Smidth & Co.). 
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a cement woi'jfs in the Leliigh Valiey, Penn.sylvania. The limestone 
was first roughly crushed by a gyrating crusher, some of the pieces fed to 
the mill being as much as 3 or 4 inches in diameter. The “ Komiftor” 
ground 14,000 lbs. per hour, against 8,000 lbs. produced by the ball-mill, 
both ground to the same degi’ee of fineness, ai^d with lio apparent 
difference in the expenditure of power. * • 

TAo Grififin Mill.—This is an American mill made by the Bradley 
Pulveriser Co., and it is shown in elevation and section in Pigs. 17 and 
18. It consists of a base-jdate and pin, 24 (Fig. *18), containing a renew¬ 
able grinding ring or die, against which the material opi'rated on is 
ground hy the roller, 31. 'J'o the base-plate, the siege frame, 44, is 
attaclud, and to this again is fixed the cone, 25, through which the shaft 
works. The sieve is sun-ouniled by a sheet-iron casing, and in the, base¬ 
plate are ai’ranged a number of openings outside the grinding ring .and 
pan, through which the finished proiluct falls into a channel below, 
from which it is removed bj'a convej'or. .Shoes or “plow.s,” which are 
varied in .shajie to suit the material ojierated upon, are attached to the 
bottom of the roll, and above the roll and in a central position in relation 
to the sieve a fan, 7, is fixed to the shaft. The, driving pulley is hori¬ 
zontal, and contains the universal joint, !), from which is .suspended the 
shaft, 1, to which the roller is securely fixed. This joint, which is 
entirely cased in, is the only part reiiuiring lubrication; this is effected 
through the hole 12. 

To quote from the maker’s description ;—“ Tlie roll is revolved within 
the die in the same direction that the shaft is driven, but when coming 
in contact with the die it travels around the die in the opposite direction 
from that in which the roll is revolving with the shaft, thus giving the 
mill two direct actions on the material to be ground. There is a prcs.sure 
by centrifugal force of 6,000 pounds brought to bear on the material 
being pulverised br'tween the roll and die, the united actions being very 
effective in their combination. The univer.sal joint, by which the shaft is 
cxmnectcrj to the pulley, allows perfect freedom of movement to the, roll, 
so that it can rSisily pass over obstructiorrs of any kind. Pieces of iron 
or steel thus do no damage to the iflill.” 

The feed is Aontinuous through the hopper-, 50, by means of the worm, 
49, which is driven by the step pulleys, 13 and 40, and which regulate the 
spee,d. The mill will do.al with material as crushed by a stonebreaker, 
but passing a |-inclt ring. As soon as the mill is in full operation, aitd 
when sufficient material has entered the pan, it is stirrad up and kept iir 
rapid motion by the action of the shoes on the bottom of the roll, which 
throw it^between the ^-inding* ring and the roll. The fine jiowder, as 
fast as it is produced, is removed through the screen by*the fan, 7, which 
draws? air from the top of the cone, 26; thefo ust falls into the conveyor 
channel belpw. The mill thus continuously grit ds and sifts. 
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F*ig. 17.—The Griffin Mill—General yiow. 
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The screen,wire may be of much coarser mesli tlidn the fim-shed 
product. Thus a .screen hafing 16 divi.sion.s to tlie incli will deliver a 
product leaving less than 10 j)er cent, of fine re.sidue when tested on a 
sieve' having' 60 meshes to the lineal inch. With the ball-mill, the outer 
sieve must be of the same mesh as the require<l product, hence the 
difficulty of obtaining a large output of fine material. The Griffih mill 
is .self-contained, being entirely built on the bed-plate, and by some 
modifications this mill l.iay be adapted for wet grinding. The diameter 
of the grinding ring or pan is 32 inches. 

Spiral Conveyors.—The employment of the solid ca.st- or .sheet-iron 
screw-conveyor for the transmi.ssion of granular or powdered materials is 
now almost obsolete. It was found from <'xperim(!nts that the actual 
work was all done by a narrow portion of the outside cii'cuinference of 
the screw, the remainder of the blade being of no value whatever as 



I'ig. 19.—Spiral Conveyor. 

■ regards carrying capacity, but really occasioning lo.ss of power bj^friction. 
This led to the introduction of the .skeleton-conveyor, foomed of a strip 
of steel, coiled by a .special machine,rio form a spiral of uniform pitch, 
which i.s secured to a shaft by steel attachments. OnP end of these 
radial attachments is flat, and is bolted to the spiiul baud, the other end 
is formed into a split eye, which clips the shaft and is .secured by two 
bolts. The shaft with the conveyor is suspendeil in trou^hing, either of 
Mat Of of wrouglpt iron, by means of hangers. An illustration is given 
at Fig. 19 of the cojiveyor, hanger, and troughin^. Delivery may be 
obtained at any required points by arranging outlets fitted wjth slides in 
the bottW*^of the trough!,. 

This style of conveyor is well adapted for granular materials or 
powders in the drv condition. For broken stone or for cement clinker it 
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is, however, quite unsuitable, and when used for damp materials it does^ 
not answer well. This form of conveyor riH work satisfactorily qn a 
• slightly upwai-d gradient, and it is sometime.s convenient to employ it 
in this way. If the gradient is steep, it is better to ui,ilis(ia soli^ con¬ 
veyor, which will work even up to an angle of *80 degrees; we have 
not tt'ied it at a greater elevation than this. The .spiral conveyor. 



20. — PadtUc-hlaflo Conveyor. 


altlioxjgh very ctUeieiit £in’ transjiovfc purposey, does not to any great 
extent mix the material carried. If mixing as well as transmission is 
required a paddle-blado conveyor should be employed. In Fig. 20 we 
show one t 3 ^pe in which the blades arc of chilled iron, and slip on to the 
square shaft; the blades at the ends and whore the hangers occur should 



Fig. 21. —Paddlo-bladc Conveyor (Wedge Cutters). 


be secured by sox screws. In this type of machine the blades must be 
made either right (ft Ibft lumped, according to the direction in which the 
conveyor orftnixer is \'e<iuired to deliver. In Fig. 31 the blades are of 
cast" steel, with shanks which pass througl^the shaft and are secured by 
nuts. Here it is obvious that by reversing the angle at which they are 






CALCAREOUS CEMENTS. 


13^ 


set m the shaft the same blades may be used to carry citter to the right 
or ^ the left hand A m^dMed form of blade for atiff materials is 
shown in Fig. 22. 

:^plt Conveyors.—An cndle.ss belt, supported by rollers, will carry 
almost anjr material,, whether in a coarse or in a fine condition If 
required to deliver at a fixed point, the best form of support for the 
currying side is composed of three rollers, each of them about equal in 
length to one-third of tl,., width of the belt. One of these rollers is fixed 
hormontelly under the centre of the belt, and one is placed on either side 
with Its axis set at an angle of about 45° with the central one. This 
causes the belt Ui assume a trough-like shape, and greatly increases its 
carrying capacity. The rollers should be placs] from 4 to 6 feet apart 
accoriling to the width of the bolt, and the weight of the mati-rial to be 
carried. The empty part of the belt is best su).port(Ml on tlat rollers for 
the return journey. If it be required to deliver the material at inter¬ 
mediate points, the belt must Im flat; it must be of ample width in order 



Fig. 22.—Paddlc-blailc Conveyor (Short Cutters). 


to prevent the load from falling off, and it is important that the material 
should be delivered on to the belt at a uniform rate. 

The delivery is effected by means of a throw-off carriage, which runs 
on the beams pa,s.sing along each side of the belt in order to support the 
rollers, and the carriage may be shifted to any po.sitioii. It effects the 
stopjiage of the stream of material, and it can be airang@d to throw it 
either clear of the belt or into a hopper attached to the carriage, from 
whicli It may be led away by shoots. When carrying ftie substances, 
the belt may conveniently travel at a .speed of from 200 to 300 feet per 
muiute, and an enormous amount of material may be moved in this way 
with a very small expenditure of power. ■' 


Tbp Tray anij the Kreiss Conveyors.—The tray conveyor is illus¬ 
trated in Fig. 23, which sufficiently explains its construction. It is 
adapted for carrying broken stone, clay, cqke, and Materials of this kind 
and it is°often of value «. tlie re-arrangement of did plants.' The Kreiss 
swmging conveyor consists ofc an open trough fixed on .spring supports, 
that may either be attached to a floor or may be suspended from above 
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The ti'ougiK is iijade of veiy light juatcrial, as, coiitiarj to what 
might be expected, it is subject to but littl% wear. A shaking motion is 
• imparted to it by a small countershaft and crank, and the material fed in 
at one end travels ijuietly and with great rapidity to the otljpr. It,may 
be of any reasonable length (an example is given o^one 300 fiyst long), it 
may be drivenj[at any point in its length, and it can be lengthened 
without interfering with the driving lucehanism. 'J'he eonveyoi’ may be 
fed at any desireci point, and the material can drawn oif wherever it 
is required by meiins of openings lifted with slides. This conveyor will 
carry on an upward gradient of 1 in 20 , and it is claimed for it that it 
will convey any material, line or coarse, either in a di’y or in a damp 
condition. Tt requires but little power to drive; a conveyor driven 
by a belt 2 inches wide running on a pulley C inches in diameter will 
convey 7 tons per hour. Our own knowledg(! of it is confined to its use 



Fig. 23.—Tlie Tray Conveyor. 

for transporting broken stone, for which purpose it proved to be admir¬ 
ably adapted. , 

Elevators.*—These, when u.sed for the purposes under con.siderution, 
consist of endless belts or chains travelling over pulleys or wheels, to 
which are attached at regular intervals buckets which lift and deliver the 
material to be elevated. ' The buckets are now usually stamped from steel 
plate, without seams or overlapping edges, and with^ round cor;jors to 
facilitate delivery. They may be obtained in an glniost endless v'ariety 
of patterns, as regarits shape, jjapaoity, and thickness of plate. Textile 
belting is fr^uently employed for elevators, tko buckets beMg attached 
to the belt by means of flat-headed bolts, 4 s shown in Fig. 24, the belt 
being arranged to run over ordinary pulleys. 
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Detachable Jink chains of steel or of malleable iron, with suitable 
link'i to which the buckets 'can be attached, may be obtained in many 
forms and sizes. Examples are given in Eigs. 25 to 28. In Fig. 29 is 
shown the .Sprocket wheel at the head of the elevator, by which the 
chain is carried round the shaft. Fig. 30 illustrates a complete vertical 
elevator without the casing, and Fig. 31 .shows an inclined elevator 
fully cased in. It will be noticed that means are provided in tbe 
bottom fixing or boot fOc taking up the wear of the chain or belt. 

It is necessary that the feed to elevators .should be 


uniform, and, if possible, it should always Iks at the 
front or up side, so that the material may fall into the 
rising buckets, iastead of being entirely scooped up, 
as must be the case if they are fed at the back. This 
apparatus .should always l.)e diiven from the toj). As 
to the respective nu'rits of belts or chains, every case 

must bo specially con¬ 
sidered on its merits. 
IVithout doubt all the 
products of the various 
.stages of the manufac¬ 
ture of cement may be 
lifteil by belt elevators, 
and if the lifts ai’e high, 
and if the elevators are 
inclined from the per¬ 
pendicular, belts should 
be employed on account 
of tbeir lightness. In 
highly inclined belt ele¬ 
vators, the u p side .sbou 1 d 
run on a board, the down 
side beifig allowed to 
hang free. The belt may 
then run fairly .slack. 
Forhighlifts the pulleys 

for belt elevators should always he flanged. 

In the case of raw flour it is best to employ belts, and a cotton oelt 
will last for this cpurpo.se for many years. On the o)^her hand, cement 
powder is very destructive to belts of this nature, and chain belts will be 
found to be more durable for ground cemect. Tlie .same adv'ce may be 
given in the case ot cemefit clinker, while there is here the additional risk 
of dajnage likely to be caused by hot lumps of the material. For damp 
raw flour nothing.stauds better than a solid woven cotton belt, well 
pickled in a preservative solution. 



Fig. 24. — Detail 
of Belt Klcvator. 


Fig. 25. — Details of Chain Belt 
and Elevator. 



J.a.rj 1^X41 I'KUUKSS. 
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CHAPTEU XI. 

THE CALCINATION OF THE CEMENT MIXTURE. 

CosTKWTS.— Cliciiii.sitry of Cement CaIcination~Frenty’.s,’E.\j)oriinents—Exclusion of 
Sulpimi-—Alumina ami the .Setting Process—Landrin's Experiments—Sub¬ 
stances fouml in Ceniont.s—M. T.e Cliatelicr's Kxperimont.s—Microscopical 
Invostigations— Or. Eixlmenger’s Experiments—Messrs. Nowbei'ry’s Eximri- 
inelits— Calcination in tbo Open Kiln—Clo.sefl Kiln —The Johnson Chambers— 
Cibbon’s ChamlHU’s—Micliele’s Chambers—Batchelor Kiln—Prying Chambers 
for Bricks—(lase.s Evolved from Cement Kilns—Shaft Kilns—Dictezeb Kiln— 
A.alborg Kiln- Schneider Kiln—Hauensehild Kiln—Hotop Kiln—.Stein Kiln- 
Hoffmanii Kiln. 

Chemistry of Cement Calcination .—VCe Lave already spoken of the 
chemical changes xvliieh have to bo ofl'ected in the kiln—firstly, the 
expulsion of tlie carlionic acid gas, .vhich i.s a matter of no dilHculty; 
and .secondly, the production of compounds of silic.a, lime, and alumina at 
a point \ cry little short of that of fusion. The lime, on being freed from 
its carbonic acid gas, and, therefore, in what is termed the “na.scent 
state,’’ is in the best jiossiblo condition to enter into fre.sh combination.s. 
As the temiicrature in the kiln ri.ses the draught increases, and the 
sluggish and heavy carbonic acid gas i.s by degree.s pas.sed out of the kiln. 
The free lime is then presented to the silicate of alumina of the clay, and, 
as laboratoiy experiments prove, it i.s enabled to expel the alumina and 
to form a fairly .stable -base, the calcic silicate, but in the 2 iroportions 
found by experiment to be those best adapted for the production of 
Portland cement, there is invariably a much larger amount of lime 
present than the .silica alone can neutralise. The alumina assume.s at 
veiy high temperatures acid functions, and enters into combination with 
a further poi^ion of the lime to form the so-called aluniinate of lime. 
The same may^be true to some exffent also of the iron. 

Premy’s Experiments.—M. Fremy, whose experiments are relied 
upon to prove the existence of this alumina compound in Portland cement, 
was able to produce a b^se from lime and alumina alone in the absence of 
silica, and he tiiu.s dispelled the theory that the alumina still continued in 
combination witht the silica in the form of the douWe silicate «f lime 
and alumina. 

In (wder ^0 obtain»thc aMmina in a perfectly pure state, M. Fremy, 
who§e researches were first published in 1865, jSnpareS this substance by 
the calcination of ammonia alum. Ho also produced lime of absolute 
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puWty from Iceland .spar. When this latter material is ^ubmitted to the 
inten.se heat ofethe wind furnace the resultant lime doe.s not melt, but is 
transformed into a cry.stall?.ie .substance with a cleavage resembling that 
of marble. 

Precautions taken to exclude Sulphur.—TJio e.\periments with 
lime and slamiiia were carried out in carbon erueible.s, and in order to 
avoid the possibility of the formation of calcium sidphide, due to im¬ 
purities in the fuel, the mixtures of alumina .and lime w'ere placed in 
a small inner carbon trucible, enclosed in an outiu- one packed full of 
powdered lime. In the utmost heat of the wind furnace, mixtures of 
SO jKirts of lime and 20 of alumina were melted, as wt'i'e also mixtures 
containing 1)0 part.s of lime and 10 of alumina. A mixture of 9.1 parts of 
lime and 7 of alumina was even fritted or run to glass. The alumina, in 
fact, serves as .an excellent flux for the lime, and in this re.spcct i.s sujieiior 
even to siliea. These compounds of lime and alumina, eontfiining such 
a large excc'ss of lime, are crystalline in structuri"; indeed, their fi'acturo 
resembles that of loaf sugar. They h.avc .a strongly alkaline reaction, and 
combine with water with a considerable, ex-olution of heat. They may in 
some respects compare with fluxed lime. These substances, which .swell 
up in water, however, like quicklime, can obviously jflay no part in the 
.set of cements ; but the case is (juite different when we have to deal with 
compounds of lime and alumina, represented by the fonnuhe CaOjAkOj, 
20a(),AkO.., an<l .‘!Ca0,.\l_,0„, which aiM less ba.sic than the foregoing .salts. 
When these aluininates are reductxl to a fine j>owder and gauged with 
water, they .at once solidify and form hydrates, which ac(juire, even in 
water, a considerable degree of hardness; they are, moreover, capable of 
binding together large quantities of .sand to form hydraulic mortars, which 
have a stone-like comsistency. 

Part taken by Alumina in the Setting Process.—As the out¬ 
come of the.se experiments, M. Fremy was led to assert that the .set of 
cements w-as caused by the hydration of the aluminates of lime, and not 
by that of the compounds of lime and .silica, which had no setting action, 
nor by the double .silicates of lime and alumina, which «i all different 
proportions he found to be likewise' inert. If the accuracy of the.se 
investigations be admitted, we mu.st relinqui.sh all those theories of cement 
action which depend for their explanation on the behaviour of compounds 
of lime and silica. 

Further Experiments by M. Fremy.—The setting action of'the 
<y>mpq(ind.s of lim^ and alumina was not, however, su^cient to explain 
all the phenomena of,hydraulicity, as M. Fremy himself recognised, for 
it would not account for the behaviour oi quickjime in the 4 )rqsence of 
puzxuolana^r of aWeinid silicate of alumina. In a subsequent memoir, 
in 1868, he showed that even in the case of a perfectly pure hydrated 
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silicate of alumina, which contained j65 per cent, of silica, 25 per cent.’of 
alumina and lO’per cent, of water, and was represented Jjy the formula 
3(Si0.,)Al20.,2H20, an excellent puzzuolaiia#could be produced by sii^ple 
• calcination at a temperature of about 1,300° F. This substance, on the 
addition of water, w as able to impart to lime hydraulic properties w.hich 
were manifestly due to the simjile dehydration of the clay, ^nd it was 
found by further experiment that })urc hydrated silicates of alumina, 
even when intensely heatetl, still retiiiiied their power of recombining 
with w.ater and acting as puzzuolana; the only difference being that after 
exposure to very high tomperatures the setting action of the mixture of 
lime and clay was refcirded. The interval needed for induration could bo 
extended or decreased in accordance with the temperature at which the 
silicate was calcined. He states his belief that all clays capable of acting 
as piizziiolanas, or such as contain relatively large (juantities of .silica 
which become gelatinous when treated with hydrochloric acid, arc decom¬ 
posed by dehydration ; that a certain proportion of the combinesl silica 
.and alumina is not only decomposed, but that these elements remain 
separated and are present in an allotropic foi in ; they are thus ready to 
form now compounds wdieii presemted to (juicklime in tin' presence of 
water. Q'liere are, liowe\er, as h<> points out, many puzzuolanas which 
contain also notable c)uantities of lime, in addition to the silica and 
the alumina, and in the.se substances the effect of calcination is to bi’ing 
about the formation of fi’esh compounds of lime and the silicabvs, in 
addition to the free silica and alumina, which substances are capable of 
re-arrangcraent in the presence of water. He regards Portland cement 
then as a highly complex body, which must compri.se aluminates of 
lime formed at extreme temperatures, but also notable proportioas of 
these puzzuolana-lik(! substances, all of them capable of l>ecoming in¬ 
durated in the presence of lime after treatment with water. 

M. Landrin’s Experiments on Cements.—Some important observa¬ 
tions upon the siliciites of lime liave been communicated to the Academic 
dm Sciences by M. Landrin, another path'nt investigator, who has done 
much to ?hro\%light upon this vexed question. He believes that in the 
compound of 44'55 parts of silica yith 65'45 parts of lime, a salt which 
has the formufe of 5CaO,3SiO.„ we have the basis of all good Portland 
cements. lie terms this substance “ pouzzo-Portland,” because it is found 
to exist alike in Portland cement and in puzzuolana. It would seem from 
his sxperiments that it constitutes a large proportion of all cements of the 
Portland type, along with aluminates of lime, oxide of ijon, and maf^esi^. 
It has been observed that when equal quantities pt lime and .silica, in 
a pure state, are strongly hej^ted, a compound is obtained resembling 
Wollastonite, %rith the formula Ca0,Si02, whichfcontains 48'4 <Jf Hme and 
51'4 T)f silica. This substance, which is vj;ry hard and crystalline in 
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fixture, is not attacked by water, aAd thus is not capable in any way of 
influencing cement action. If the volume of lime is doubled so as to 
obtain a compound answering to the formula flCaOjSiOj, contfiining 65'1 
per cent, of lime and 34’9 per cent, of .silica, the resulting silicate is, when 
hot, 'a hard •compact mass, but as it cools it gradually disintegrates and 
crumbles away into a bulky grey powder, rather resembling slaked lime. 
This is no doubt the substance, also termed the ortho-silicate, which is 
piresent in so-called “.shpp}' clinker,’’ produced from ovei'-cl.'iyed sluri’y. 

M. Lo Chatelier’n Experiments with the Microscope. —This 
theory, which is very ingenious, and not incapable of being reconciled 
with the views of Feichtinger and other chemists, received much confir¬ 
mation from the more recent investigations of M. Lo Chatolier, which 
were communicated to the T’aris Academy on March 2L'nd, 1882, by 
M. Daubree on behalf of M. If. Lc Chatelier, whose investigations wcu’O 
temporarily suspended. This latter .sav.ant h.as pursued his in\’estigations 
by means of the imlariscope. lie finds on cutting thin sections of Port¬ 
land cement clinker that the mass is comiio.sed undoubtedly of a variety 
of chemical compounds. It is quite impos.sible to i.solato each of these 
•small particles for .analysis, but he has been able by .synthesis to build up 
from lime, silica, and aluuiiiui the ililfereut bodies which he recognises as 
forming ])art of the clinker, and lie has a.scertaincd that these substances, 
when viewed with polarised light in the microscope, arc really the com¬ 
pounds ho finds in the clinker. t 

Principal Substances present in Cement.—The following are 
among the chief bodies present in Portland cement;— 

1. A substance which has no action on polari.sed light. It consists of 
aluniinato of lime, rich in lime, occasionally mixed with particles of free 
lime. M. Le Chatelier actually produced by artificial means a tricalcium 
aluminate, SCaOjAk^Oj ; he assured himself that this .salt ciyatalli.ses in 
the cubic, consequently polariscopically inactive, .system, and that, more¬ 
over, it is the only possible compound of lime capable of being present in 
cements, besides lime itself, which crystallises in this sy,stem. ^ 

2. A substance acting feebly on polarised light aiiif presenting a 
clearly-defined crystalline form. This is a silicate of lime. M. Le 
Chatelier perceives in this the chief, if not the only actiic, ingredient of 
cements; this substance always constitutes the princijuil part and some¬ 
times the entirety of Portland cements. He believes himself in a position 
to affirm that it is a calcareous peridot (lime olivine), 2 Ca 0 ,Si 02 , which, 
’’pon the calcination of the cement, crystallises in the matrix described in 
the next paragraph, when the whole is carried to the point of fusion. 

3. A substance, having a deep brown wlour, which acts upon .polarised 
light. Thfe is the mostb fusible of the components of cenVents. It con¬ 
stitutes in the solid form the gangue of the silicate which has just been 
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described, and when melted it is the cause of its crystallisation. It is an 
alumino-ferrite of lime, having less lime than the tricalclum aluminate. 
M. Le Chatelier assigns to it the formula 2 (APe) 203 , 3 Ca 0 . He was able 
to produce synthetically a compound answering to this formula, and 
found it to pos.sess the optical characteristics and ^e ready fusibility of 
the similar substance pre.sent in cement. This material isr slowly acted 
upon by water, and is but little changed during the setting process. 

4. Small crystels having a very energetic action upon polarised light. 
Those are by no means numerou.s, and undergo no change upon coming 
in contact with water. These are probably magnesium compounds, since 
M. Le Chatelier has ascertained that all very basic calcareous compounds 
are acted upon by water in contradistinction to those of magnesia. 

Microscopical Investigations upon the Setting Process.—In 
examining the setting action of cements under the microscope by meams 
of polarised light, M. L(! Chatelier discovered that the addition of water 
leads to the formation of several different compounds. Of these the most 
important, as respc'cts the induration, is a substance which crystallises 
in hexagonal lamimc, rosenibling the crystals of calcium hydrate, but he 
was unable to collect them in sutK' ient quantity to determine their 
composition. Whatever it may be, this material is undoubtedly a 
derivative of the ralcium ortho-.silicate. In quick-setting cements which 
are rich in alumina, there is a copious formation of long acicular crystals 
which interlace in all directions. These crystals, when expo.sed to dry 
air, become dehydrated and shrink greatly in volume; if heated in water 
to a temperature of 50° C. they break up into fragments. They ar(« 
piwluced by the action of water on tricalcium aluminate, which is slightly 
soluble in pure water, but more so in salt water, in which latter the 
crystals become partly decomposed. It may bo the disruption of these 
crystals in certain defective qualities of Portland cement which causes 
the failure of the concrete in sea-water. 

The Causes of “ Creeping ” in Cement Clinker.—In the course 
of his experiments he discovered several other substances which did not 
act upon polarfeed light, but he was unable to find that they played any 
part in the setting proce.ss. He, however, ascertained that the calcium 
ortho-silicate before mentioned gave rise to the peculiar action of 
“ creeping,” above alluded to, often noticed during the process of cement 
manufacture. Heated tij the point of fusion and then allowed to cool 
gradually, this,substance at first took the form of a stone-like semi- 
translucent mass,,which, however, crumbles into a powder, comiKised 
of fragments of minyte twinned crystals, as it c»ols. This action is 
undoubtedly due to ungual tension on the opposite faces of the twins. 
If the compouTid is less intensely heated the twiis are Aot formecT and no 
disruption takes place. 
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Dr. Srdmenger’s Experiments on Clinker that Spontaneously 
Disintegrates! —Cement from this clinker although it ultimately hardens 
is always of low strength, ^f the hot clinker is quenched with water, 
disintegration does not take place, and Dr. Erdmenger has shown the 
effect of this treatment on the resulting cement.* Tests were made from 
four samples of cement all containing 61 per cent, of lime. No. 1 was 
from normal clinker which did not disintegrate; No. 2 from overbumed 
clinker which disintegrated spontaneously; No. 3 from similar clinker 
which was cooled by a Stream of water and remained sound ; and No. 4 
from similar clinker thrown while hot into cold water which granulated 
it, the granulated clinker being dried before grinding. The following are 
the I'esults in lbs. per square inch, 1 part cement to 3 parts sand :— 



1. 

2- 

3. 

4. 

Two days,. 

128-0 

64-0 

118-1 

11.3-8 

Three days,. 

160-7 

71-1 

1.33-7 

142-0 

Seven days,. 

24;{-3 

113-8 

213-4 

246-1 

Twenty-eight days, 

'riiree months, .... 

358-5 

195-0 

.322-9 

342-8 

442-5 

239-0 

.398-3 

435-3 


M. Le Chatelier’s Becent Experiments.—The results of M. Is; 
Chatelier’s most recent work in this direction were, publishcsl in the 
Annales des Mines, 1887, pp. 388 la) '112. In addition to a ndcroscopic 
examination of cement, both in the form of clinke]’ and after setting 
and hardening in water, be prepared various silicate.s, alurainates, and 
ferrites of lime by heating mixtures of th(! pure materials. Generally 
his conclusions jire as follows ;— 

The mono-calcium silicate, Ca0,Si02, is unacted upon by water, and 
can therefore if present contribute nothing to the hardening of cement. 

The 'di-calcium .silicjite, 2Ca0,Si02, obtained -by heating lime and 
silica, forms while hot a hai-d compact mass, which disintegrates and falls 
to powder on cooling. To the presence of this .silicate the above spon¬ 
taneous disintegration of clinker when taken hot fre.n the kiln is 
attributed. 

The tri-calcium silicate, 3CaO, SiO.^, is the one to which the hardening 
of Portland cement is due. This cannot be prepared by direct fusion of 
its comstituents, but may be produced indirectly by fusing lime with a 
silicate. 

■ The three acuminates CaOjAljOj, 2CaO,Al„Oj, 3Ca0,Al203, all set 
^yith water, and thus it is to their presence that the initial setting of 
cement as distinguished from its ultimatei.hardc^dng is due. , 

The ferrites corresponding to the aluminates in which the alumina 
* T/imtna, Zeit., 189.?, vol. xvii., p. 238. 
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is replaced by, ferric oxide slake on the addition of water and do 
not set. 

On these results Le Chatelier based the formula, we have already 
given, for calculating the proportion of lime to silica and aliunina taken 
together in Portland cement, any magnesia preseni being considered as 
equivalent to lime. 

Messrs. S. B. and W. B. dewberry’s Experiments on the Con¬ 
stitution of Hydraulic Cements. —The results of these experiments 
were communicated to the New York section of the Society of Cliemical 
Industry.* Working by synthesis with pure materials in an extremely 
fine state of division, very perfect mixtures of known composition were 
made of carbonate of lime with silica, alumina, oxide of iron, and mag¬ 
nesia respectively, which were burned in a Fletcher gas furnace with 
gasoline gas. A quantity of about 300 grammes of the mixture was 
taken for each experiment, the resulting products being ground and 
gauged with water; the hardening properties were then noted, and the 
soundness or constancy of volume was determined by the hot water test. 
Messrs. Newberry obtained the tri-calcium silicate, 3CaO,SiO,,, by direct 
union of lime and silica which Le Chatelier failed to produce in this way. 
'They also found tliat the tri-calcium aluminate, 3CaO,Al2()j, when 
powdered and mixed with water cracked after setting, and entirely disin¬ 
tegrated when placed in watci'. The general conclusions arrived at by 
them were as follows;— 

1. “The essential constituents of Portland cement are tri-calcium 
silicate with varying proportions of di-calcium aluminate. This com- 
po.sition m.ay therefore be expre.s.sed by the formula X(3Ca0,8i02) -t- 
Y(20a0,AL()j). From this formula it may bo calculated that the correct 
proportion of lime, by weight, in Portland cement, is 2-8 times the .silica 
pins 1 ■! times the alumina.” 

2. “ Iron oxide combines with lime at a high temperature, and acts 
like alumina in promoting the combination of silica and lime. For 
practical •pui’poses, however, the presenco of iron oxide in a clay need not 
be considered^n calculating the proportion of lime required.” 

3. “ Alkaligs, so far as indicated by the behaviour of soda, are of no 
value in piomoting the combination of lime and silica, and probably play 
no part in the formation of cement.” 

4. “ Magnesia, thougli posses.sing marked hydraulic properties when 
ignited alone, “yields no hydraulic pi'Oflucts when heated with silica, 
alumina, or clay, and probably plays no part in the forTnation of cAnent. 
It is incapable of replacing .lime in cement mixtures, the composition of 
which slfouW^e calculated on'the basis of the ^me only, wit^joiit regard 
to thp magnesia present.” 

* Jotmi. tioc. of Che.m. Iitd., vol. xvi.,^897, pp. 887 to 894. 
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We may now proceed to treat of the practical proressea of manu¬ 
facture. 

ll 

Calcination in the Open Kiln.—This was the type of kiln originally, 
employed, and its design was evidently based upon that of the lime kiln, 
but in addition it was surmounted by a tapering chimney or cone to 
increase tEe draught. The capacity generally varies from 20 to 30 tons 
of burned nmterial, the larger size being slightly more economical of fuel. 
The bottom is provided with a grate of loose bars, upon which alternate 
layers of coke and dry raw material are laid until the kiln is filled. It is 
then lighted, allowed to burn off, and when cold the charge is withdrawn. 
While extravagant as regards the item of fuel consumption, this type of 
kiln produces clinker of excellent quality. The results of some of our 
own experiments to determine the exact weight of fuel userl per ton of 
clinker burned in open kilns of 20 tons capacity were as follows:—The 
material burned was wet process .slurry, well dried on flats. It contained 
76 per cent, of rarbonate of lime, was of uniform composition, and as it 
left the wash-mill was of such fineness that it entirely passed through a 
test-sieve having 10,000 meshes to the .square inch. It was specially 
well dried for these trials, and was found on the mean of several deter¬ 
minations to contain 2 per cent, of water only. The coke also was fairly 
dry. Pieces of moderate size were employed, except in the bottoms, for 
which larger lumjis were picked out. Five brushwoorl faggots were 
used in each case to start the fii’erf In kilns Nos. 3 and 7 all the 
materials were accurately weighed in and the product was weighed out. 

The weight of coke was in No. 3 kiln— 


In bottom on faggots, . 

. 0 Ions 

7 cwts. 

1 ([r. 

24 lbs. 

In layers interstratified, 

. 7 „ 

4 „ 

0 „ 

20 „ 

On top of kiln, 

0 ,, 

7 „ 

0 „ 

0 „ 

Total, 

. 7 tons 

18 cwts. 

’ 2 qrs. 

16 lbs. 


This kiln yielded 19 tons 2 cwts. 2 qrs. of good clinker, ar.d 6 cwts. 
3 qrs. of yellow; and, therefore, to produce 1 ton of cliftkcr, the coke 
required was 8 cwts. 1 qr. 5 lbs. As the mean of repeated ob.servation.s, 
60 bushels of gas coke fresh from the works weigh 21 cwts., and, there¬ 
fore, 8 cwts. 1 qr. 5 lbs. are equal approximately to 19J bmshels. The 
coke cost 2^d. per bushel, and, therefore, the cost of the coke for burning 

1 ton of cement was almost exactly 4.s. 

' Ia No. 7 kilii, with the same careful observationc, 7 tons 17 cwts. 

2 qrs. 16 lbs. of coke produced 19 tons 7 cwts. ? qrs. of clinker, and 
2 cwts. J ^r. 12 lbs. of yellow; the coke uSed perton of clinker was thus 
8 cwts. 16 lbs., say, 19^ Sushels, costing about 4s., as before. 

In a third trial, the weights in which were arrived at by an average. 
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each ton of ilinker needed 18-66 bushels of coke, or, say, 3s. lid. per ton, 
for the fuel for burning. 

The Closed Kiln.—Open kilns are now rarely employed. 'Vhile 
the shape of the burning portion remains practically unchanged, the open 
tops are dispensed with, the products of combustion being by various 
arrangements made to dry sufficient material for the succeeding charge. 
Kilns of this type are in very general use in this country for dealing with 
the slurry of the wet process, which is lifted and distributed by pumps 
upon the floors of the drying chambers. Some of those most generally 
employed will be briefly described. 

The Johnson Chambers.—The plan patented by Mr. Johnisou 
consiiits merely in the addition to the kiln, at or about the top level of 
the cup-shaped portion, of an arched chamber of the same width as the 
kiln, and of such a length that the floor area will hold enough of the wet 
slip to serve when dry as the charge of the next kiln. As will be seen 
from our illustration (Fig. 32) this chamber is simply a shoi’t tunnel, 
interposed l)etween the kiln and the chimney, and each chamber may Ije 
from 12 to 14 feet in width by from 80 to 100 feet in length. The 
dimensions will depend upon the size of the kiln and the height of the 
eliimney. The floor is slightly inclined, falling towards the kiln, so that 
the stratum of slurry may be deepest whore the greatest heat is found in 
the vicinity of the kiln; the depth of the layer of slurry may vary from 
10 to 12 inches, clo.se to the kiln, to about 3 or 4 inches at the far end of 
the chamber. The use of these chambers involves a considerable extra 
chimney power, and lofty chimneys must be erected to produce the 
best results. 

Sulphur Beposits on Surface of Slurry.—An objection which 
has been raised against this plan is that with some descriptions of slurry 
there is a very considerable deposit of solid particles, chiefly sulphur com¬ 
pounds, upon the surface of the matters in the chambers. The hot gases 
passing out of the kiln are condensed when they come in contact with the 
cold slur/y, and we have seen in some cases the whole surface heavily 
coated with su*h a deposit. The best answer to this objection is that no 
permanent injtvy is caused to the resultant cement, as nearly all this 
matter will again sublime when it comes into the kiln, and is exposed to 
the full heat during the process of burning. 

yuel used -with Johnson’s Chambers.—As compared with our 
own experiments with open kilns we may place the facts kindly com¬ 
municated by Mr.* Johnson on this subject. He states that the c9st of 
fuel for the drying of the slip into slurry, and used in the kilns on his 
system, amounts to 5s. %d. pef ton of the finii^ed cgpient. ^&to our 
figure* we add Is. per ton for the cost of fuel required to dry the slurry, 
we obtain an estimate which compares fairly well with that of Mr, 
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Johnson. But Mr. Johnson’s totals,'based on the working under the old 
system of kilns of large size, partly fired with gas coke, but in the main 
(to the extent of two-thirds) with coke made in o'ens beneath the drying 
floors^ show a much larger cost. He estimates the expense of the gas 
coke and oven coke fo" burning 133 tons of cement clinker as follows:— 

50 chaldrons of coke-oven coke, at lOs. lOd. per chaldron, £42 1 8 
25 ,, gas coke, at 10s. 6d. per chaldron, . . 13 2 6 

' £55 4 2 


Or the cost per. ton equals nearly 8.s. 4d. Of course, this includes also 
the cost of drying the slip over the coke ovens. 

Gibbons’ Patent Chambers.^—In a plan of drying patented by 
Mr. B. A. Gibbons, which is shown in the accomj)anying illustration 
(Fig. 33), the hot gases from the kiln pa.s.s both under and over the 
substances to be dried, and by this means it is claimed that a larger 
amount of heating .surface is obtained, and the sublimed sulphur com¬ 
pounds are less liable to be deposited on the top of the slurry. Two or 
more chambera are employed, which are used alternately, the heat passing 
both under and over the material to be dried. 

Michele’s Chambers.—In a somewhat similar way Mr. V. de 
Michele uses the exterior surfaces of the arches, .as'well as the floor of 
tlie chambers, for drying the slurry |lor this purpo.se the arches are very 
lightly constructed, and, as will be seen from our illustration (Fig. 34), 
which gives a section through a .serie,s of chamlKjrs, they have a roof 
above them to protect them from the weather, so that an additional 
quantity of the raw material may be dried on the top of the chambers. 
It is nece.ssary, however, to .spread the slurry on these arched surfaces by 
hand, and this must, we think, entail a cousiderable amount of labour. 

The Batchelor Kiln.—This is shown in Fig. 35. At the back of 
the burning portion two or three arched chambers are arranged, one 
above the other. The products of combustion pass into and 'circulate 
through the chambers, and are finally discharged into a cfiimney at the' 
rear end of the kiln, one powerful chininey frequently serving for a block 
or group of kilns. The slurry is contained in the spaces between the 
arches covering the uppermo.st chamber, from which it is admitted to 
the floors by passages. This kiln may be lit as soon as it is charged, the 
covering of the floors going on during the early .stage of burning when 
littlq feeat is passiflg off. . 

Drying Chamber^ for Eaw Material in therform of Bricks.— 
When t^o cement compound is made iutd briclrt. or blocl^s,'th^ drying 
chambers attached to the kilns on the plan arranged by ourselves, and 
shown in the illustration (Fig! 36), may be used with considerable advon- 
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Fig. 34.—Michele's Patent Chambers. 
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tage. It w:'ll be seen that, in this invention, the chambers are rectangular 
in form, and are placed alongside the kilns at such a levtll as to be most 



conijenient for the loading operations. The kilns, whfdh are of the usual 
type, with a conical chimney, are burnt in’the ordinary way witli inter- 
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stratified fuel. The orifice of the cone is provided with-a damper, and 
when the charge is in full fire and the combustion is nearly completed, 
the upper damper is closeu, and the dampers in connection with the 
underground flues leading to a lofty chimney are raised. By this means 
the hot gases from the kiln are drawn through the chamber, passing 
downwards'itf special flues, constructed in the contents, to orifices in the 
floors of the drying chamber, which will be seen in the section at A B. 
The heat of the kiln in cooling is found in practice to be amply sufficient 
to dry the contents of the chamber, which may conveniently be semiKlry 
bricks produced by means of any of the machines at present employed for 
the manufacture of bricks of this kind. The size of the chamber is calcu¬ 
lated to furnish a full charge for the kiln, and there are suitable openings 
both for filling the chamber and for loading the kiln. It will be ex¬ 
pedient in arranging for the use of chambers of this kind, which arc very 
economical in working, to place the brick machines at such a level that 
the brick.s, as soon a.s they arc pressed, can bo wheeled into the chamber, 
and stacked in po.sitioii. 

The Gases evolved from Cement Kilns.—In certain localities 
where cement works have been established in the midst of a residential 
population, and where kilns arc u.sed of the type previou.sly employed, 
the fumes evolved during the process of burning the cement, and the 
smoke from the diying floors and chimneys, have caused more or loss 
nuisance, and ha’’e been objected to*by the inhabitants. It may, there¬ 
fore, be as well to consider briefly the grounds for these complaints, 
and to .show how these evils may best be avoided or mitigated. In 
this enquiry we cannot do better than avail ourselves largely of the 
able report by Mr. A. Blaikie on “Cement Works in Kent,” which 
will bo found in the Twentieth Annual Uejmrl on Alkali, dc., Works 
for tlw Year 18S3. The inspector states „hat “for the purpose of 
ascertaining the character of the kiln gases emitted, and of tracing any 
changes that might take place in them from day to day as the kiln 
burnt out, a number of analyses were made of washings of gases taken 
both from the tops of open kilns and from the flues or chambers of 
close kilns.” He points out that “ the' usual time requirijd for burning 
out a large kiln is from three to four days. On the first day a 
white vapour is given off, which comsists practically of nothing but 
moisture, almost no solid matter or smell beirg present. It is, how¬ 
ever, in some states of the weather, very dense. On tiie second day, 
a.4 t]j« heat gets Up, the smell is often rank and offevisive; a smell of 
burning organic matter is given off by the slip, and there is also 
some Hlppll from the coke. This vajmur 'is white and very heavy; it 
contains a quantity of solid matter, and is usually slightly alkaline, as 
■ the gases from the fire passirfg through the upper layei’s of dried slip are 
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neuti-alised and carry away fine particles of chalk. On the third ^ay, 
sometimes not till the fourth, the kiln is at its greatest heaJ and beginning 
to burn out, the vapour being very much lighter and less dense. It has 
much less smell than the vapour on the second day, but contains niuch 
more volatile matter, chiefly chlorides and sulphatqji of the alkalies, and 
it has been found that the quantity of chlorides in the ■H'aShhigs alway.s 
increases with the increase of solid matter. The sodium chloride is 
derived from the water used in preparing the slip, which, as a rule, is 
very salt, and the potassium is prol)ably liberatSd from the clay (which 
contains about 0’6 per cent.) by tbe atition of the chalk. During the 
later stages the amount of the carlmnic oxide is largo, and to those close 
by, and inhaling it, poisonous. The gases are also slightly (in most cases 
very slightly) acid.” Mr. Blaikie .shows that the nuisanc(! is generally 
more acute in the Ciise of the common open kilns than in those which are 
provided with a chamber on the Johnson .system, or which <iischarge 
their gases into flues for drying th<! .slurry on various principles which he 
describes—the plans of Messrs. Burge, White & Glover, and Margetts. 
In all these latter kilns there mu.st of necessity be a lofty chimney, which 
causes the gases to be diluted and <lihjierscd. He traces no evil effects on 
vegetation arising from the fumes cau.sed by eoment work.s, but ho says:— 
“ Near one work.s, some years ago, there was a fine group of elm trees, 
and these have all been killed .since the coke ovens were erected.” He 
notices, on the other hand, the beneficial effects of these works in causing 
the disappearance of ague, though we think it is more than doubtful 
whether there is any connection between the manufacture of cement and 
the gradual decrease in the prevalence of this disorder. It is often stated 
that the vapours and fumes evolved from lime kilns have a good effect 
upon phthisic and consumptive ])aticnts, but we have never seen any 
.statistics which can be quoted in support of either of the.se allegations. 

Shaft Kilns.—The kilns previously considered have been entirely of 
the intermittent type, the products of combustion from the open kilns 
being wasted, those from chamber kilns being employed to dry the slurry 
for the succ^ding charge. The consumption of coke is about the same 
in both cases, but it is occasionally liigher in close than in open kilns, this 
being due to restricted draught. At an early period of the Portland 
cement industry, attempts were made to bum the open kiln continuously, 
clmker being drawn from tbe bottom at intervals, while, as the charge 
consequently lowered, dry .slurry and coke were added at the top. Thus 
the waste gases assisted in the calcination of the. dry Sluny, whiclk 
thrown on as soon a« the fire showed signs of coming through the upper¬ 
most layers of the contents the proportion of coke to .slur(y being 
considerably le.ss than if the kiln was burned intermitfently. Although 
a saving of fuel was effected by this metltod, it met with only partial 
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suc^iess. The shape of the kiln, brbad and low and contracted at its 
lower portion,' was unsuitable. If, as was often the case, the clinker 
melred to the walls of the tiln and hung up or bridged, it was generally 
found necessary to allow it to cool down, and to empty and redstart the 
kiln. The.se difficulties would without doubt hare been at that time 
surmounted, 'but, with the introduction of chamber kilns, continuous 
burning offerer] no inducement to manufacturers by the wet process. As 
a set-off to the .saving of fuel in the kiln, the slurry had to l)e dried 
independently of it, aiil'i in the face of the expense of the fuel for this 
proce.s.s, and for the labour required for handling, it was found less costly 
to burn the exfca fuel in the kilns and to move the slurry by pumping. 
The high and increasing co,st of gas coke, and the introduction of im¬ 
proved methods of drying, have during recent years cJiased a oon.siderable 
amount of attention, principally by foreign inventors, to the construction 
of vertical continuous kiln.s, which, from their comparatively small 
diameter combined with great height, are frequently called shaft kilns. 
They are employed to a con.siderable extent on the Continent and in 
many other parts of the world. For the dry process they are without 
doubt the best form of fixed kiln that can be used, especially if semi-dry 
bricks are made from the raw material. In many cases such bricks 
may go direct from the machine to tlie kiln, while, if the type of kiln 
does not admit of the use of damp bricks, the cost of drying them 
is small. For the wet process, the cost of labour for drying and handling 
the slurry must always be a. drawback to their u.se in this country. Any 
kilns of this type will work best if the raw material is moulded into 
the form of bricks or blocks. Some of the most important will now be 
<lescril)ed. 

The Dietzsch Kiln.—The value of this form of kiln for burning 
Portland cement has been amply demonstrated, and with careful manage¬ 
ment it has been proved to be very economical in fuel. Tlie kiln may be 
described as consisting of four sections:—First, at the base i.s a cooling 
chamber for the reception of the clinker after it lias been calcined in the 
firing chamber, which forms the second section or middle z6no cif the kiln. 
Above this chamber is a level hearth' where, the fuel is mixed with the 
raw material, constituting the third section, and above this hearth is the 
smoking or heating chamber where the supply of raw material is being 
gradually heated by tlie waste gases from the filing. This is the fourth 
section of the kiln. The arrangement will be understood from the 
(Kagiam (Fig. .S7),'Vhich illu.strates two kilns, built backito back; one being 
shown in section, the‘Other in elevation. Here A ir the smokipg or pre¬ 
heating phamber, into which the raw cement misiture is charged through 
the doors situated at E. As all the waste heat of the kiln passes tbfough 
this' chamber to reach the chbnney above it, the material becomes heated 
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to redness before reselling the hearlii B. The fuel-^small coal of ^od 
quality—is introduced through the furnace doors, F, and the matejial 
/rom B is transferred to the calcining portio^ 0 The a-lcined materal, 



SV^The Dietzsoh Kiln. 


often^ter having given up the greater part of its heat in 1) to the air 
which enters beneath, is drawn out at regular intervals at the bars or 
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op^iings, IT, and the operation 
of C sink. It is claimed that 

f 



■weight of the coal needed is but 
weight of the finished cement. In i 


of charging is repeated as the contents 
in this kiln 3 cwts. of small bituminous 
or coking coal will bum 1 ton of 
cement, and, if well managed, there 
should be no visible smoke. Accor¬ 
ding to the size, the output from a 
double kiln may vary from 20 to 
30 tons in the twenty-four hours. 

The Aalborg Kiln, patented by 
Messrs. P. L. Smidth & Co., of 
Copenhagen, is a shaft kiln in which 
the clinkering zone is greatly con¬ 
tracted. It consists therefore of an 
upper heating chamber of the full 
width of the shaft, a central com¬ 
bustion chamber of reduced dia¬ 
meter, and below this a cooling 
chamber, which is again widened 
out to the full diameter of the shaft. 
This lower chamber is slightly coni¬ 
cal in section with the larger dia¬ 
meter downwards, so as to facilitate 
the removal of the clinker. The 
constmetive details have been care¬ 
fully c;onsidcred, thus the conical 
chimney is carried on the outer 
wall of the kiln, and the fire-brick 
lining is built quite independently, 
so as to enable the latter to be 
renewed from time to time when 
necessary for repairs. As will be 
seen from the section. Fig. 38, the 
openings for the intrdbuction of the 
fuel are placed at intervals round 
the kiln, and slant downwards so 
as to deliver the coal below the 
clinkering cone. The firing holes, 
when not in use, i«re closed with 
iron covers. In tins kiln Portland 
cement is sutoessfully b\|^mt with 
coal alone,'tod it is sjated that the 
from 12 to 15 per cent, af the 
i kiln of this description, which will 
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yield 100 tons of clinker weeklyi the staif of workmen necess^y is 
extremely small, and the fuel consumption, ’n view of th*e fact that coal 
takes the place of coke, is very modei'ate# The firebrick lining''' ill 
' need to bo renewed every alternate year. The clinker, when it has 
cooled down in the lower chamber, is removed by^drO])ping tl.e firebars 
in the ordinary way. • • 

The Schneider Eiln.—This kiln has recent'y attracted much atten¬ 
tion in this couTitry. The upper heating chamber is fairly capicious, but 
the hot zone is relatively small and it should extend over more than 
5 or (i feet of the total height. (I rent care is taken to protect the fire¬ 
brick lining by the use of a specially-contrived filling rii\g, which enables 
the burner to surround the raw material with a pT'otective belt of finely- 
broken slurry or raw ilour, about 2 inches in thickness. The fuel used is 
coke, and the kiln is fed with small quantities .at frecpient intervals. 
I’his kiln is both ('.asy to work and very econinnic.al in fuel. A large 
nund)er of such kilns have been erected on the Continent. I'lie yield of 
clinker may vary from 10 to 12 tons per day, and the coke required 
will run from 28 to 38 cwts. for this quantity. 'I’he, Sschimider kiln is 
not a very cxpen.sive one to build, ;.>;d the cost of repairs is relatively 
tiifling. It is in use in this country for burning cement bricks made 
by the semi-dry proce.s.s, which may bo put into the kilns direct from the 
machines, and in some works wdiich use the wet process such kilns are 
employed for burning surplus .slurry from the chambers of the close kilns. 

The Hauenschild Eiln.—This kiln, which has undergom; many 
modifications since it was first inti'oduced, consists in its more recent 
develojnnent of a cylindrical .shaft which is not sensibly coni ra<-ted excei>t 
just above the hot zone, where there; is a slight upwai-d contraction 
towards the ujq'er heating chamber. At the base of the .sh.aft is a fire¬ 
grate of special construction which is acce-ssible from all the four ijuarters 
of the kiln, and the top of the .shaft is fitted with a damjier or close-fitting 
cover which can he removed at will and affords the means of inspecting 
the profjfess of the calcination process. In the first design the kiln w'as 
provided witfii a cone or hood, in whioh were four chaiging doors for 
loading puiq)o.sos. In modern practice a horizontal flue in the heating 
chamber leads into a central chimney which will serve for a group of 
kilns placed round it. In oixler to avoid inequalities in the draught, 
the inventor specifies the use of air under pressure. The mixed coke 
aScI slurry, th(» latter being moulded into hollow prisms, arc fed in at 
intervals at the ^op by lifting the covers. It is stalted that thij^wsl 
required for this kili^will be from 1G-.7 to 18 per I'ent. of the weight of 
the calcined clinker. 'IJ»e inqjilded slurry and the u.se of jiowdered lime 
round the w?,lls of the kiln' is said to prevdlit the* adheston of the 
clinker to the firebrick. 


11 
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l.''he Hotop Kilo.. —Tlii.s kiln veiy closely re.sembles that invented by 
llauenscbild. "it is circular in plan and may be from 40 to 45 feet in 



hei!,dit. The toj) is arcbcd over, 
but it contiiins an opening in the 
centre for the escape of the gases, 
wbicb pass out thence into the 
chimney, either built above each 
kiln, or aiTanged, as in the case of 
Hauenschild’s patent, to serve for 
a group of kilns. At the base of 
the kiln is a basket-shaped fire¬ 
grate, contracted into a central 
cvlimlrical ring through which the 
clinker can he withdrawn. Thi,s 
arrangement jirevcnts the hriilging 
of the clinker, which freciueutly 
causes trouble when the draw-holes 
are situated at the sides, and 
which .sometimes so far prevents the 
pu'oper descent of the kiln-contents 
that the kiln has to he cooled ilown 
and em))tied. Tl is ahvays found 
that the centre of tlie kiln is the 
hottest p.vrt, and this plan of with¬ 
drawing the clinker constitutes an 
important improvement. In all 
other respects the management and 
working of the kiln i.s identiciil with 
that of th(! shaft kilns previou.sly 
described. The general arrangement 
will ho understood by reference 
to the diagram (Pig. 39). The dried 
bricks or slurry, togeJier with the 
mjui.site amount of coke, are fed in 
at the side tlu-ough openings pro¬ 
vided for the purpose, and the burnt 
clinker is removed through the 
centre of the fire-grate. The time 
required for the charge to pass 
through the kiln is, nndeij ordinary 
condftion.s,'-about thmty-six hours. 
Six tons of burnt clinker need 1 
ton of coke and the yield is from 
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12 to 14 tons per iliem. A special fSatu’'e of the kiln is tbo contrivance 
for preventing the adhesion of the semi-fus -d clinker to the firebrick 
hning. Just above the hot zone is a ring iff perforated firebiicks with 
small openings through which iron nozzles project into the kiln. Tlhose 
nozzles are supplied with water, under piessure,•fron. a^pipe, which 
surrounds tlu; kiln, and by this niean.s a stream of cold water can 
be turned on at any time and can be used to cool down the lining. 
Another advantage of this anvingi'mcml is that the steam which is 
thus produced renders the outer part of the clinker adjoining the 
wall of the kiln moi’e friable and poi'ous and thus facilitates the 
emptying ))roce.s.s * 

The Stein Bibbed Kiln.—This kiln dill'ers from the other .shaft 
kilns which we have pre\iously described, in th.at it consists entirely of 
iron, built u]) in a series of rings. J'he cast-iron blocks which compose tlio 
rings are jirovided with ribs or webs on the exha-ior, and these are used 
with a threefold obj('ct—first, in order to .strengtlum the shaft; second, 
to pre\'ent the distortion likely to arise in the hot zone, owing to the 
great heat; find third, to ai'oid the clinging of the kiln contents to the 
lining, in conseijuence of the jiartial fusion of the clinker. The .shaft, or 
kiln propi'r, re.sts on four piers of masonry which are uniteil in jiairs by 
means of cross walls to Imlf their height. These piers are further stiilened 
and tied together by joists, angle irons, and cross ties. Above them is 
the iron bed-plate which serves as the foundation of tlus shaft, and on 
this is erected the superstructure consisting of cast-ii’on curved rings, 
which are each kejit in jJacc by a small jirojecting tillet on the inner edge 
and the.se segments key one into the other. They are maintained in 
position also by their own weight, which is very con.siderable, and the 
joints are I'endiu'cd tight by a coating of .slurry. The rings are each 
1 foot 8 inches in height, and the iliameter of the kiln i.s made either 
6 feet 7 inches or 8 feet 2 inches. The height of the former kiln being 
23 feet ami of the latter 29 feet 6 inches. Above the uppermost ring i.s 
a conical hood formed of stout sheet iron, and this is provided with three 
or four feediil|-holes, fitted with dwrs or shutters. Above the hood is 
the chimney, which i.s likewise formed of .sheet iron, and which must equal 
in height the body of the kiln. The chimney should have a diameter 
varying from 2 feet 3 inches to 3 fei't 3 inche.s, in accordance with 
tljt.size of the kiln. The top of the chimney is fitted with a damper 
in order to regillate the draught. In its action this yin is, of course, 
continuous, and ilf is claimed for it that it entirely prevents all 'WfT 
dency in clinker (b adhere to the sides or walks, and that it can be 
worked witH %xtraordin^y regularity. It has bien sta,ted that i>kiln of 
this kind has been run for nine months continuously without inter¬ 
ruption of any kind. * 
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'The yield of a kiln, 8 feet 2 incke.s in diameter, fed with half bricks 
which burn more readily tlian whole ones, is stated to be 16 toms per diem. 

A special form of Imskd -grate has been designed, also, for thus kiln 
whiqh renders the operation of drawing extremely simple. Though 
the iron kilns are .said to have given such excellent re.sults abroad, 
.some kilms on this principle, which have come under the authors’ obser¬ 
vation have not proved altogether succe.s3ful, and it is evident that 
great care and skill are needed to burn them with .satisfactory results. 

The Hoffinann Kiln, which was originally introduced for the burn¬ 
ing of brick.s, has been employed, chie6y on the Continent, with complete 
succe.ss, for the- production of Portland cement clinker. Tii this country, 
although it has, as uli-eady .stated, been from time to lime used by Port¬ 
land cement manufacturers, and has been subjected to lengthy trial, it 
has, so far as W(! know, never achieved .satisfactory results. It consists 
of an arched tunnel-shaped liriug chamber, which may be circular or 
oval on plan, or may consist of two parallel tunnels joined by moiins 
of semi-circular ends, so as to ])roducc an endle.ss kiln, capable of being 
subdivided into a serie.s of compartments of nearly cc|ual .size by means of 
cros.s partitions of a temporary character, which may consist of removable 
iron .screens. Prom (-ach of these divisions or cells. Hues are formed to a 
central .smoke chandler surrounding the lofty chimney. 'J'hese Hues are all 
of them furnished with dam|ier.s, which can be closi-d wholly oi- parti}- in 
order to regulate the draught. 'Hie cells have each an external opening 
in the outer wall of the kiln for loading and unloading, and for the 
introduction of the above metal screens or partitions. In lieu of wrought 
iron, it has been for some time past customary to form tbese .screens of 
paper, as they are fixed in the cool part of the kiln, and serve their 
purpose for turning the draught until the heat reaches them. Each cell 
of the kiln is the space enclosed between two such temporary jiartitions, 
and the complete kiln may thus con.sist of froiii 12 to 20 chambers. 
AV’hen a chamber has been filled with the damp pressed brick.s or blocks 
of .slurry, the doorway in the outer wall is carefully built up and pla.s- 
tered over with loam or slurry to render it air-tight. Ih kiln.s of this 
de.scription, employed for burning 'cement, each of the chambers is 
bounded by an arched division, the crown of which is considerably below 
the top of the arch of the kiln. This mode of construction is e.s.sential 
because of the great amount of contraction which takes place in the 
cement bricks during the progress of firing. The.se arehes tend, there-. 

to drive tlio flames downwards and towards the centre of the 
tunnel, in lieu of pWing along above the contents of the kjln, in the 
vacant space caus^ just below the crown of thd-tunnel in ^consequence of 
the sinkage in the clinker. 

As an additional safeguird, it is found advisable in Portland cement 
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kilns to coUrivc openings in the <Tc^^vn of the t.mnef, adjacent to eaA of 
tl.e,se .hviding arches, so that ar additional charge of bricks or blor^ks, 
.mingled with fuel, can be thrown in during^lie progrcs.s of the firing m 
order to compensate for this sinking, and to bring the kiln charge ji’-ht 
up to the top ot the tunnel. In a well-managed lain it becomes po.s,sible 
by this means to increa.se the output some 15 per cent, at th^ cost of a 
comparatively small increased riuantity ol fuel. This kiln is illustrated 
in hig. 40. Some manufacturers use two cross-arches in each chamber 
I n burning Portland cement, it is neces,sary to‘employ a very powerful 
draught, and experience has shown that two exits to the chimney .should 
bo provided, both on the inner and outer side of each of the chambers as 
will be seen in the section at X X. ’ 

The bricks arc so placed in the chambers as to form continuous flues 
for the passage of the fire through the mass, and numerous openings in 
the crown of the kiln seen at Y Y serve for the introduction of the fuel 
which IS small coal or breeze mixed with coal. The fire passes round and 
round tlie kiln ni the direction of the draught, and great care and atten¬ 
tion must be paid to the feeding of fuel and the management of the 
dampci^, by means of iihich the diaught is regulated. Some manufac¬ 
turers have been successful in using the Hofimann kiln with coal alone ■ 
indeed it is stated that a kiln at Marseille.s is fired with brown coal' 
Under e.ach of the openings in the vault of the tunnel, it is iieeilful that 
veitical shafts .should lead down to the channels left in the bricks for the 
passage of the products of combustion, and, as the contents of the kiln 
•shrink together in the progre.ss of the firing, there is a great risk of the 
col apse of tlucse shafts, or else of the horizontal flues beneath. It is as 
we 1 ^ make use of fairly dry bricks or blocks in loading the.se kilns, 
and therefore it is usual to subject thi-ae bricks to a preliminary drying 
process; but it is quite possible, with care, to wheel the bricks from the 
semi-dry presses at once to the chambers, in which state they contain as 
much as JO per cent, of water. The heat given out by the clinker in 
cooling IS u.^d to <lry and warm up the green bricks, and owing to the 
very compleW utilisation of the products of combustion, it will readily be 
und^erstood that this system of burning is a very economical one. Kilns 
ot this type were used more than forty years ago by Messrs. Dyckerhoff 
te !5ons on the llhine, near Biobrich, and the firm still employ six Hoff- 
^nn kilns, with an ouiput of about 100,000 tons of cement annually. 
At the pre.senC time the annular kilns are used at a large number of 
lemeiit works m‘Germany, Austria, Prance, Switzerland, and ev«w*tn 
16 oTo7 i 'i'he average yield per kiln amounts to about 

u’li ^?i! output depentjp very, largely ,pon the 

.kill of the burner, and the speed with which tL fir^is Srive^rouni 
It is usual to work at the rate of filling oSe chamber every day, which 
implies, of course^ the emptying of a second chamber. 




Fig. 40—The Hofifmann Kiln—Plan and Sections. 
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CHAPTER XII. 

THE CALCINATION OF THE CEMENT MIXTURE-REVOLVING 
OR ROTARY KILNS. 

• 

Contents. —The Rotary System of Cramptoii—Ransome’s Rotary Kiln—Stokes’ 
Rotary Kiln—Rotary Kiln in America—Ransome’s American Patent—The 
Hurry & Seaman Rotary Kihi—Newberry’s use of Rofnry Kiln for Wet 
Process—Regenerating Process—’I'lic Modern Rotary Kiln—The Lining of 
Rotary Kilns — Fuel in Rotary Kilns — Coal Grinding—Clinker Cooling 
Systems—Clinker Coolers—Shaking Coolers—Fuel Consumption and Output. 

The Rotary System of Crampton.—The proposal to employ a revolving 
furuaee for the calcination of Portland cement originatcil in thi.s country 
with J\1 r. T. II. Crampton, w'ho obtained a patent for his process in 1877. 
The furna(!e wa.s fired by powdered fuel injected by compre.sse.d .air, but it 
docs not .seem to have been commercially employed, although at thi.s time 
revolving furnaces were in use in the alkali manufacture, and h.ad been 
patented by Siemens in 1809. 

Bansome’s Rotary Eiln.—In May, 188.'i, Mr. Eredei’ick Ransome 
patented a rotary kiln foi’ burning cement, which achieved some mc'asure 
of success, and which w.as undoubtedly the forerunner of the modern 
improved .system of burning in revolving kilns. The Kan.some kiln con¬ 
sisted of an inclined cylindrical furnace, about 25 feet in length, which 
w.as carried on I'oller bearings, and was caused to rotate by means of 
worm-gearing. The firebrick lining had a series of projecting courses, 
so arranged as to form longitudinal ridges. The powdereil raw material 
w as fed in by means of a hopper at the upper end, and travelled .slowly 
down th^ furnace, being turned over and over by the constant revolutions 
of the kiln, moreover it was caught up and made to fall across the 
cylinder by the presence of thesij internal projoctioiLs. The firing was 
effected by means of producer-gas, which entered the kiln at the 
opposite end, and produced large volumes of flame. The cement 
materials, as they passed forward, w'ere gradually heated to the 
“Tinkering stage, and 'ultimately fell into a jiit situated beneath the 
low'est part of the cylinder. The inventor proposed V burn the cement 
in the form of a fine powder, and by this mcan.s to di.spen,se wittl'^e 
subsequent grinding, ^is aim was not alone to secure economy in the 
use of fuel, 4)ut he also hojRjd by preliminary grin^gng and lifting of 
the powdered slurry to turn out a fiiyshed Portland cement. He 
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failed to ff'iisp the fact tlfit, in oi-der to produce a suitable 
clinkei-, it was necessaiy to reach tlic .sta,''e of incipient fusion, and, in 
its passage throngli the kili^ tlie finely-ground oenient matei'iaks caked 
togethei' and adhered in a .sticky mass to the linings. This caking 
of the clink(.‘r proved the ruin of the prcK’css, though Mr. Kansomo 
had oth(n' (dittieulties to contend u itli. It was found, also, that the 
finely-divided cement material was carried by the draught right out 
of the kiln, and had to be intei-cepti'd at the exit end and I'ctui'ned to 
the feeding hopjier. IVu' use of ])rodueer-g.as, without a regenerator, 
failed to yield the requisite steady lemperatim^ for tlu! calcination 
proees.s, and c\hen a regenerator was added, it speedily became clogged 
with the cement powder, carric'd away into it by the draught. The 
cement mixture had to be highly limed, and this resultcsl in a very 
quick-setting <’ement, and, owing to the .shortness of the tube, it was 
impo.ssible. to utilise; the full heating value of the fuel. Tin; woiking of 
the kiln was, moreover, constantly interrupted by the lialling of the 
clinker, v hich collected into lumps and cakes, and stuck, as we hav(; seen, 
to tin; lining.s of the hot zone of the cylinder. After prolonged trials and 
many costly failures, the Kansonn; rohiry kilns were alKindoninl as 
impracticable by English ceimmt manufacturers. 

Stokes’ Eotary Kiln.—A greater measure of success was ob¬ 
tained by the invention of ^Ir. Wilfred Stokes, who profited by 
certain of the mistakes of the KamsouiS kiln, and utili.sed the heat in 
a more advantagesms way. In the f^tokes process, a burning cylinder 
5 feet in diameter and .'In feet in length was .unployed; this was formed 
of steel plates, resting on two sets of friction rollers, set in a cast- 
iron cradle. This cylinder, which was lined with firebrick, was driven 
by means of spur gearing, about one revolution per minutf;, and the 
waste gas, escaping fi-om the hurning cylinder, passed through a second 
cylinder, 40 feet in length by 12 feet in diameter, set horizontally, and 
caused to rotate slowly on friction wheels, being driven by worm geai’ing. 
The outside of this drum was coated with wet slurry by a^dipping 
arrangement, and the slurry was slowly dried by the hot «valls of the 
drum, to which it adhered. By tin; time the drum had nearly completed 
one revolution, the ah'eady dried material was scraja;;! oil' in Hakes by a 
.series of ch.ain scraper.s, and delivered into the feed-,shoot of the burning 
cylinder. A third cylinder wnis placed at the Io.j;er end of the burning 
cylinder, and recciced the red-hot {‘linker as it issued from the kiln. 
Th^s cylinder, whk'h was of the same size as the burning cylinder, wa.s 
provided internally with gills to assist in cooling th» clink(;r as ^t passed 
thnmgh it, und the current of .air driven IJjirougK the cylinder was used 
to mix willfthe prwducer-^as employed in tKo burning cylin(3er. ^ 

• Although Mr. Stoke.s encountered many difficulties in working out 
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his inveiitioj.s, most of wliich he \v.w .succos.sful in %\’oi'comi iig, lio,ycoo, 
found the attack of tJie fused clinkei' njjou the kiln-linings a constant 
dra\vl)ack to the satisfactory working of the process; and in .spit*' of tlie 
introduction of magnesia bricks and bricks made of hanxitc, which_ last 
proved to bo too soft .and friable to stand the wear of the kiln, the 
jnechanical delects provaal to be insuperable, and the contfniled use of 
this form of kiln was rcndenal impos.sible. 

The Botary Kiln in America.—The Portland cement industry was 
establisln'd by Mr. I>. O. Saylor, at Coplay, in Pi'hnsylvania, about 1870, 
and during the next few years several other plants of small capiicity were 
erected in various parks of the United Stab's. In all of 4hem European 
methods of manufacture were followed, but although the product wa.s 
good, it could not compete, as regards cost, with imported cement. The.sc 
methods invoh ed a considerable amount of labour, and the high cost of 
this labour as compaicd with the wages 2 )aid in England, and to a still 
gi’cater (ixteut with tho.se current in Oerm.auy, these being the j)rincipal 
expiorting countrie.s, rendered the industry uni>roiitable. The rotary 
kiln ))reseuted a possible solution of this diiliculty, .and in the hands of 
M. Pierre Oirou, who wa-s the superintendent of the Atlas Cement 
Works in Pennsyhania, it proved, after many failures and exj)erimcnts, 
a success. About ]89;{ Mr. S. 15. Newberry emj>loyed rotary kilns 80 
, feet in length for burning wet slurry; the fuel employed in botli 
these ca.ses was jietroleum oil. In 189.6 .Messrs. Ijathbury and 8p.ackman 
eonducUid .a seric's of trials, extending over four months, at the works of 
the Alpha Company, in the use of j)ulverised coal, as a substitute for 
crude oil, which jireviously had been exclusively employed as fuel in 
all the rotary kilns in America. About the .'same time the Atlas 
Cement Comi)any perfected arr,angements for the use of coal dust, and 
now the employment of this materml has almost entirely sup})lanted 
the oil at first u.sed. It .seems impossible to decide to whom the real 
merit of the present system of using powdered co.al belongs, and the 
p.atcnt w?s refused in the United Sfaites Courts to both the rival 
applicants. # 

Banaome’s American Paterf.—Uansome’s Anieric.an patent dates 
from 1886, and it w.as first used in the United .Skates at a cement works 
on the Hudson River, near Eondout, by the Atlas Portland CeJnent 
Cwnpany, and later, with more favourable raw material, at Coplay, in the 
Lehigh Valley (Jf Pennsylvania. The hard dry materials found at Co))lay 
were in every way»adaj)ted for use in rotary kilns, and fn course of tioje, 
and after great outlay»upon experiments, the process, as modified by Mr. 
T. F. Navairoj proved eiftirely»sati,sfactory. 

The Hurry and Seaman*Botary Kiln.—Airther'imi.rovcments in 
the rotary kiln process w'ere introduced iJiter by Messrs. Hurry and 
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Sea^nan, who patented their invention in 1895. The chief advantage 
derived under their patent was economy in the use of fuel by utilising 
the heat from the clinker in^two auxiliary cylinders. In the first of these 
cylinders the clinker was I’eceived as it fell from the kiln, and a .stream oi 
air passing over it became heated and .served to ignite the coal du.st in 
the burning' cylinder. In a lower cylinder the clinkci', which had been 
crashed and .sj)rinklod with water, was exposed to a further current of air 
in onler to complete the cooling and dryin;.'. 

Newberry: Use af Eotary Kilns for Wet Process.—While the.se 
inventions were being perfected for the dry materials, Mr. Spencer B. 
Newberry, a.s we have seen, was carrying on successful experiments at 
Warners, New York, in the use of rotiiry kilns for the wet process. He 
employed a double set of kiln.s, one Ixdng used for drying the wet .slurry 
and the other for the final calcination of the dried material. He after¬ 
wards erc'cted a small works at Bay Bridge, near .Sandusky, Ohio, and here 
he again introduec'd the double .system with two 40-l'e,et cylinders. Ho 
.sulwecjuently I'iveted the two .sections into a single cylinder, 80 feel in 
length, into which the wet slurry was at once, introduced, .so as to com¬ 
plete the drying and firing in a single operation ; hut, after many trials, 
he concluded that kilns of this great length were not .so well adapted for 
the purpose as .shorter ones, and the most recent iwactice has been to 
make use of cylinders not exceeding (iO feet in length. 

Regenerating Process.—Notc.itSstandnig the efforts at first made 
to take advantage of the heat of the clinker and of the chimney gast's, it 
is found that very little jiractical gain can he secured hy the' various 
expedients which have from time to time bc'en pi'ojKwed to effect these 
economies, .and in the pre.sent use of rotary kilns, with the, exception of 
thc^ occasicmal em]doyment of the heat, given uj) hy the clinker in cooling, 
for raising the temperature of the injected ah-, these sources of heat 
are disregardcal. 

The Modern Rotary Kiln.—The Bansome rotary kiln was, as we 
have .seen, 25 feet in length, and the dilliculty wdth its use. Both in this 
country and in Amc-rica, was that of fully calcining tluii raw material 
before it was discharged from the cjlindei-, which was undoubtedly too 
short. In .some of the early experiments in Amciioi, with powdered csral 
as fuel, 30-feet cylinders were used, hut the fiame traversed their whole 
length, and much of the heat was conse(|uently lost. The length was 
increa.sed to 50 and then to 60 feet with better resslts. AlthoiTgh 
c fliu ders extendVng up to 90 feet arc in some cases epiployed, the usual 
length is now' 60 or' 70 feet, with a uniform dia*ieter of 6 feet. The 
Hurry ^ud Seaman kilns are made 6 fept 6 kjches in diameter at the 
lower or ^i.schai^'c endf reducing to 5 feJt 6 inches in cfiametei^at the 
upper @id. This is the usual practice with kilns of greater diameter than 
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6 feet, but the great majority of rotary kilns are n*w made with a con¬ 
tinuous diameter of 6 feet. The cylinders are constructed of steel plates 
jiveted together with butt straps, and they/re carried upon rollers u\,on 
which they rotate. They are set at a slight fnclination, which varies with 
the raw materials used and with their fusibility. For the slurry ol' the 
wet process it has been fouu.l that a gradient of i ?nch to tli^foot gives 
the best results, while for dry materials an inclination of from i to ’’ of 
an inch to the foot is used. The minimum and maximum speed** of 
rotation depends upon the incline of the kiln mid on the nature of the 



ig. 41.—Lathlrary-Spackiimu Rotary Kiln-lienoral View. 

raw material under treatment. It may also vary in accordance with 
the conditions of heat in tlm kiln, but the average niinimuin siieed is 

cn ii'erage maximum rate of drive is 

about 60 revoirflioiis in the hour. Tlie nature of the materials must, of 
course, have considerable inlluence upon the rapidity with which the Join 
IS driven; the most*satisfactory results arc obtained by using sliced 
regulators on Jhe driving arraj^gements, both for kilns and for .the coal 
eeds, *us placing the speeds under the direct control o'f the hu*rner, with 
power to alter the .same immediately at will? 
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iron rhimin^’ is provided at tlie iijjper end ot each kiln. The 
slurry of the wet process is stoiod in hinks, .and is deliv(‘rod into tlio 
kiln 1)}’ jiiiinpinf;; the lloii^of the diy process is fed from hin.s by a 
u orneeoin <‘yor, workiiii'in a water-jaeketed ease. The fuel now .almost 
universally employeil is j)owdered coal, which is blown in at the lower 
end eithei'Vij' a, fan, l)y eomi)re.s.sed .air, or by a jet of ]iigh-])res.sure steam. 
Means are provi<led for regulating the air-sui)idy. Tin; finely-divided 
fuel at once bursts into fianie, and the raw material in its downward 
passage! through the krtn is gnulually dehydrated and dej)riv(!d of its 
earboidc iwid. Ujion reaching a point situahid at a distance of about l.'i 
feet from the end, vitrification commences, and the clink(‘r is finally 
delivm-ed at a white heat, in sizes varying from a pea to a walnut, from 
the end of the cylinder, having a temperature of about C. 

With dry niw materials the temperature of the chimney gases may 
range from about hfiO" C. to C.)0° C.: with the shiny of the wet process, 
the average may bo fi'oni I’OO” to .300° C. 

The Lining of Rotary Kilns.—Perb.aps no single detail in the use 
of rotary kilns has been of greater imjiortance than the question of the 
kiln lining. It was here, as we have sc'en, that the earlier inventors in 
all cases failed, and the ultimate success of this .system ot (silcining 
became assured when this difiiculty had been efliictually overcome!. The 
firebrick usually employed for refractory purjio.s(‘s contains a high per¬ 
centage of silicfi, and behaves as an acid substance in the pre.sence of the 
Portland cement clinker, whicdi is a basic material. At a clinkering 
temperature these substances react, and the linings are rapidly attacked 
and destroyed. Jlagnesia bricks were found to crack, .shrink, .and drop 
out ot their places. The most .satisfactory i-esults have been obtained for 
kilns working botli under thi! dry and wet proce.sses by the use of a fire¬ 
brick containing about 41 ])er cent, of silica and 49 per cent, ot alumina. 
Ath'inpts ba\e been made to u.se a firebrick manufactured from cement 
clinker. This was ground to pass a quarter-inch mesh sieve, and mixed 
with cement: but the results were not satisfactory, as the bricks would 
chip and break away at the joints, finally falling out into^tbe kiln. In 
starting .a kiln, a. skilful burner will coat that poi’tion of the firebrick 
lining where the clinkering takes place with a layer of melted clinker, 
which protects the lining, and in no way interferes with the burning and 
with the continuous discharge of the contents. . 

In the case of slurry plants, it is customary to limt the tube with 
fit£\(rick thiouglifiut its entii'e length, but as the heat at tin; exit end i.s 
not sufficient to buckle the pl.ates, nothing seem.'^to be gained by this 
practice/and good results have licen obtayied hy using a briek lining for 
about two-thirds of their lengths in the ca.so of CO-feet kilns. 's 
. The Fuel in Rotary Kilns.—AVe have .seen that the producer-gas 
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at hr.st used m tl,c Ransomo and the Stok<-,s kilns glive May in tlie aarlv 
Amencan experiments to the use of oil as fuel; this in i’ts turn mvin^ 
ace to the employment of poM.lered coal.. Oil is, ho«•e^er, .stilllhs: 
at a plant m California, M hile at the Mmrks ,?f tl.e Tola Portland Cimient 
Company m Kansa.s, the fuel for both kilns and gower is naturar .^as 



Iig. 42.^LalliImr.v-SiJackiiOTii Rotarj- Kiln—Gom-ifl Vi. w, 

Oil fuel has been reBently used ami m<> believe abamlomsl in favour of 
powdered fo^ at one«^f th| Thames Morks usiiiR rotary kilns An 
analy^* of the o.l-burned elinler is given in tCe tabk? in p. Quite 
eoently experiments have again been mad? at an American ivorks M ith 
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gas j roducei's, two kilns being fired ^<ith jHiwdered coal and two with pro- 
dnci r gas. The output per kiln, and the weight of fuel used, wa.s about 
the same in each casi', but tt- producer involved the u.se of a better clas.s^ 
of I'lu'l, and this was (.'onseijuently more ex 2 iensive, while the cost of labour 
for attending the jire-lucers was greater than that nece.ssary when using 
jioudered coal. 

Bituminous coal has bi'en found most suitable, anthraeiti! being more 
ditlicult of ignition. The coal must be thoroughly dried before it can be 
grouml, an o]ieration reiiuiring care to avoid loss of volatile constituimts. 
liotary di'iers, heated by hot air from the. clinker coolers, ar(“ generally 
emiiloyed for tins juirjiose. The facility with which tin- coal is dric'd 
dejiends to some extent uiion the. constituents of the ash. Coal in which 
the ash is high in silica dries much moi'e re.adily and comjiletely than 
that in a hicli it esjusists largely of clay. 

Coal Grinding.—'I'he coal .should be grouml .so finely as to leave a 
residue of not Jiiore than 4 to ■) ]«'r cent, on .-i t-est sieve having 10,000 
meshes to the sijuare inch. The grinding is usually ellectcd either by 
(IriHin-mills, which ivccnt exjieriiuice has .shown to be e.sjjecially suit¬ 
able for the jjurjiose, or by tube-mills. At'ith the latter the preliminary 
grinding necil not be so tin<‘ as is lu'cessary in 1he case of raw Hour 
fi-om hard limestone or cement clinker. The grinding is .sometimes 
done by rollers, by disintegrators, iji: by ball-mills, these last being 
smaller in relation to the tube-mills they are .set to work with than is 
necessniy' when grinding h.ard materials. Cwing to the exjilosive nature 
of coal dust, it is necessary that the machinery, whatever it may be, 
which is emjiloyed for grinding, .should work free from e.seajnng (lu.st. 
For the same reason, coal du.st cannot be stored after grinding, and it 
has to be used as ground. 

The Aoro System.—By what i.s known a.s the “Aero Sy.stem,” 
xvhich is in use to a limited extent in the Uniteil States, tlie coal is 
ground, without jireviou.s drying, in a high-speed centrifugal disintegrator. 
One machine is fixcil in front of the discharge-hood of each kiln, the 
action of the Ix'atm-s providing suttieient air, the su2il>ly of'Which can be 
regulated, for forcing the ground coal direct into the kiln. The di.sad- 
vantages of the system are that the machine has to be placed very close 
to the hood of the kiln, which .somewhat inconveniences the burner in 
pr 02 )erly mani 2 )ulating the kiln. Again, the coal cannot be so finely 
ground by this tytic of ra.ichine as by tho.se previously 'mentioned, the 
r(?iult being an incimscd coal consum 2 ition. On the olfiier hand, the cost 
of drying the coal is .saved, while the plant itself id'cheaper, being about 
one-thirdr ^he costi of ro^tary drying combi :ed with either Griffin-mill or 
tube-mill grinding machinery. 

Clinker Cooling Systenlis.—In the early days of the rotary process, 
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the clinker wa-s allowed to fall from the kilns into heajs which wore rjjked 
down by hand labour; the hot clinker beiu}; oolod by simple cxposuri to 
the air. The ditliculty of obtaining labour .or tliis work, and its high 
cost in Amcricii, soon led to the introduction of mechanical appUanc*;,s b.r 
cooling the clinker. One of tlio eai'licst of these j'as that of JMcssrs. 
Hurry it Seaman, used in connection witli their type of kiln. ' Hie clinker 
is dischai'gcd from each kiln into a second cylinder, .‘10 feet long and 
3 feet in diameter, lined with fii-ebrick, and revolving about siv times as 
fast as the kiln. Through these cylinders a eu'rrent of air circulates 
which abstracts a portion of heat from the clinker, and in its heated state 
forms the air-supidy to the kiln. The cylinders eonverga in jiairs, each 
pair di.scharging the now iiarlially-eooled clinker into crushing rolls pro¬ 
tect'd with easing. While passing through the rolls it is .sprayed with 
watei', and is ili.scharged into a cylinder GO feet long by 5 feet in diameter, 
lined with east iron plates, provided with ledges which lift and di'op the 
clinker as it gradually passes through. A current of air circulating 
through the revolving cylinder completes the cooling proee.ss, and also 
draws off the steam from the roils. The effect of spraying the clinker 
with water is to hydrate any uncombined lime present, thus avoiding the 
neees.sity of maturing the cement by storing. If pi-operly managed it in 
no way adversely affects either the grinding of the clinker or the ifuality 
of the resulting cement. Various .systems of cooling and of obtaining a 
heated air-suiiply for the kilns by the use of revolving cylinders arc in 
ojieration. 

Clinker Coolers.- -Vertical or tower coolers are sometimes employed 
the hot elinkei- as di.seharged from the kiln being lifted into them by an 
ele\ utor. They vary eon.sidci'ably in dimensions, in some eases one tower 
is provided for each kiln, in others one for each pair of kilns. Their 
internal construction varies, but the principle of their action is much the 
same in all. The inside of the tower is ari-anged with conical surfaces, 
over which the clinker spreads as it travels downwards and is exposed to 
the acUon*of cold air, supplied through branches from a central blast 
pipe. Underline of these systems the clinker may also at the .same time 
be .sprayed with water. * 

By the regenei'ative .system of Me.s.sr.s. Ijathhury & Spackman, the 
clinker is discharged into masonry vaults, situated underneath the 
discharge-hood of kilns. _,Tbcse vaults have sloping floors, outlets from 
which open inU* a tunnel. Cold air is forced into the lower level of 
the vaults, and, pausing through the pile of hot clinker,^)ecomes heate(J, 
when it is ilrawn offtaud forced back into the kilns, mixed with the 
pulverised coal. The (.ftrae OTstem is sometimes carried ou^ above 
ground idn tanJes built of stem plate, the clink* r beiflg lifted by an 
elevator. 



176 


CALCAREOUS CEMENTS. 


Shaking Coola>'S.—Sliaking coolers, one being provided for each kiln, 
have been recently used. The.se are cnclo.sed inclined trays kept in motion 
by^anis attached to a reioLying shaft. The hot clinker falls into them 
from the discharge-hood of the kilns, it is then, by the Jigging motioif, 
spread over a .series of .shelves or step.s which form the bottom of the 
tray, andcis'gradualfy carried forward and discharged at the lower end. 
A large area ot hot clinker is thus exposed to the action of the air, which 
is drawn in from both ends and discharged into a hot air chamber. 
From this charnlK'r the supply of air for the kilns is taken; the re¬ 
mainder passes away by a shaft. 



v< 


Fig. 4.S.—I.atlihnry-Spackman ilotiiry Kiln—Showing Lining. 

Messrs. Lathbury it Siiaeknian of Philadelphia have allowed us to re¬ 
produce [four illustrations exjdauatory of their rotary kiln .system. 
Figs. 41 and 42 arc geneial views of one kiln'p Fig. 43j kiln fitted witii- 
firobrick lining^and showing cradles on which the shell is mounted ; 
.Pig. 41 indicates in plan and side elevation the ‘^di.sposition of the 
rotary plant when employed for the wet process and shows the arrange¬ 
ment ot-,two kikis witji coal-mill, slurryltanks,‘and clinter cooler. We 
have here the most recent and up-to-date appliances for the manufacture 
of Portland cement, as practised in the United States. 
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F|Uol ConsTimp Jon and Output.—Upon these questions very con- 
flictjug statements have been made. With slun-y, which usually enters 
the kiln with 50 per cent. o£|_wntcr, the fuel consumption is greater than 
with jdry flour, while the output is le.ss. The production of a rotary kiln 
is influenced principally by thi’ee conditions—the fusibility of the raw 
materials, ube quality of the coal, and the experience of the burner. In 
recent American practice with dry materials from 650 to 700 lbs. of dry 
coal an^ used per ton (2,240 lbs.) of clinker produced, with slurry from 
850 to 900 lbs. With sluriy the average output per day of twenty-four 
hours is 21 tons per kiln, wdth di-y flour it may reach 29 tons. 
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CHAPTER XIII. 

GRINDING, STORING, AND PACKING THE CEMENT—DUST 
COLLECTING CONTRIVANCES. 

CoNTiiNTS. — ICar]}^ Pr.acl.ioe—Siftitig Mudiiiicry~Tho Air Separator—DiflieullioB 
lllntailed l>y Use, of Sieves—Rock Emory Millstones—Coiiti»ent.al Practice— 
Roller-mill—Edge-Runner Mill of Dutrullo & Solomons—^eate’a Dynamic 
Grinder—Tile Ereeman Ikrtent Hydraulic Grinder—Recent Pr.actico—Eineness 
of Grinding—Grinding I’csts—Storing and Packing—Dust Oollocting Cou- 
trivancoa. 

Early Practice.—From the very inception of tlie Portland cement 
industry, the method of grinding was for many years almost entirely 
by the use of French burr millstones; the preliminary crushing being 
effected cither by edge-runner or roller-mills, the latter of various typos, 
the roller.s being either plain, corrugated, or provided with teeth. At 
a later period the use of Blake stonebreakers, or rceiprocating-jaw 
machines of this type, became very general. From the light stones 
and working parts of the corn-mill, the heavy stones built of hard burrs 
and the strong massive gearing of the cement-mill were gradually evolved. 
In the early days, when finely-ground cement was not demanded and 
when the clinker was not heavily burned, this system of grinding 
answered very well, the cement being considere<l finished when it left 
the mills without any subseqinmt sifting. With the demand for cement 
of greater strength, which could only be reached by more highly-limed 
and more heavily-burned clinker, most difficult to grind, and with the 
necessity for more finely-ground cement, it was found that this system 
of grinding left much to bo desired. 

Degree of Fineness in 1870.—From some notes made in 1879 we 
give the tineftess of ordinary oomijiercial cement of that date. It was 
ground without sifting from hard well-burned clinker:— 

On test-sieve having 30 meshes to the lineal inch lO'O per cent, of residue. 

„ 40 . „ „ 25-6 

.. 50' „ „ 31 S 

^ 100 „ „ 44-4 /„ 

This cement fount^a ready market, and as regards fineness it is fairly 
representative^of much «lf the^cement of that time, unless sucl* as was 
especialfy ordered to be finely ground and paid for at an increased price. 
At the present time cement leaving 5 per aent. or even less of residue 
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on a,test-siove havil’4; 100 meshes to the lineal inch is quite an ordinary 
ooiiynercial product. 

Sifting Machinery.—About the year 1878 sieves were introduced 
into .some manufactories, but their use at this time was by no means 
general. Not more ^than 10 percent, of residue, on a test-sieve having 
50 meslies''t6 the lineal inch, was a condition of many specifications, and 
this requirement .soon became general. Although this fineness could be 
obtained by careful milling without sifting, it left but little margin, 
while, .as the full weight of the runner had to be kept on the bedstone, 
when grinding so fin(;, the wear on the stones and the power absorbed 
was considerable. There was a danger also of the joint.s becoming 
defective, entailing the risk of throwing ont coarse fragments. The 
use of sieves, therefore, extended and became almost universal. A 
fineness of somewhat less than 10 per cent, of residue on a test-sieve 
of 50 meshes could be obtained by passing the cement from the mills 
through a sieve covered with wire cloth having 40 meshes to the inch. 
The wire cloth or gauze was made of tempered steel wire and the sieves 
were constructed and arranged in various ways. In some eases several 
mills were arranged to discharge into a revolving sieve of large capacity, 
either of circular, hexagonal, or octagonal cro.ss-.section, or into a flat 
shaking sieve. The disadvantage of an arrangement of this kind was 
that if the sieve got out of order—a by no means uncommon occurrence 
—all the mills connected with it weAs .stopped. A more usual plan was 
to provide each mill with its own sieve, generally a fl.it shaking sieve, 
with an arrangement to alter the angle at which it was suspended. 
This regulated the fineness of the cement, for a coarse sieve set at a 
steep angle will yield as fine a product as a finer one, set so as to bo 
in a position nearly horizontal. 

The Air Separator.—About 1884 Messrs. Mumford & Moodie 
devised and patented a system by which the coarSe and fine portions 
of a roughly-ground material are separated by the action of a current 
of air. This system was first applied to mills for grinding phosphates, 
and as introduced and manufactured by Messrs. Askln^m, it rapidly 
found its way into the cement indvfstry, and to a considerable extent 
replaced sieves. Fig. 45 shows a section of the machine, and the 
following description is that given by the inventors :— 

“ A, outer casing of sheet iron, circular in form, into which the fine 
dust is thrown,^terminating in a spout at the bottom fo\ delivering intiT 
bags, casks, upo'n creepers, &c., as may be desired.i B, inner casing 
into which the coarse particles fall, and can be delivered to the right or 
loft thrqugh the branch pipes, a, a, by moving the valve, c. 0, a movable 
band encircling the top of the case B, which acts as a damper foi^ closing 
the opening, between the caues A and B, and is worked by the lever,/. 
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anti the rods, A, h* D, hood against wliich the materft,! is tjirown . S.E, 
blades of fan connected by anas to the disc, E*, rotating on thc^ fan 
spindle, E-. F, standard for carrying the spyidle and driving gear, which 
may be bevel wheels or pulleys. Gr, feed cone into which the material 
is fed. j 

“Tlie material to be treated is fed into the cone, G, and," falling upon 
the rotating disc, E*, it is thrown in a thin stream all round towards the 
fixed liood, 1). The current induced by the fan passes upwards and 


carries witli it the fine particles, whicli 
are thrown into the outer ease A ; 
the current of air, separating itself 
from the fine particles by centrifugal 
force, returns through the oi)ening 
in the direction of the arrows, 
the same air being used over and 
over again. The coaiser particles, 
which are too heavy to be lifted by 
the current of air, fall into the casing, 
B, from whence they return by the 
branch pipes, a, a, to the grinding 
machines to be further reduced. 

“ The degree of fineness of the 
finished material can be regulated by 
the speed of the fan, also by the 
partial closing of the aperture, and by 
means of the damper, C, which inter- 
cej)ts the current of air. 

“ Different forms of hood, D, also 
alter the quality of the finished 
material.” 

Difficulties entailed by the use 
of Sieves or Separators.—While a 
much liner j»oduct could be obtained 
by the use of separators than was 
possible with sieves, one difficulty 



Fig. 45.—The Mumford & Moodie 
Air Separator. 


was common to both systems—viz., that of dealing with the residue 
or rejected coi’e. It Vas not possible to grind finely, leaving the 
sieves or separators to take out a small percentage coarse matterj 
as a fine floury pl’oduct chokes up the meshes of the sieves, in S{>ite 
of many ingenious devices for shaking or keeping them vibrated, while 
separators wiU not deal witl), a finely-ground ngiterial^ It i% necessary 
for their successful working that a considerable proportion of the 
material treated should be in the form of coarse grains, from which the 
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fine,powder may bfe blown away. On the other hand, if the grinding 
wasyctoo coarse, the resulting cement was not only granular and 
wanting in impalpable powder, but a much larger proportion of core 
or coprse residue required re-grinding. The re-grinding of this separated 
core, consisting as ^'t did of the hardest portions of the clinker, was 
always trrfoftlesome. With French burr-mills it was impossible to grind 
it alone, as it simply rushed through the stones like water, coming away 
in much the same condition as it entered. 

The only possible irikthod of dealing with it was by mixing it with 
fresh clinker, and even then much of it passed through unground, to be 
again rejected und returned. In the state as rejected from the sieves 
or separators, it was usual to return it to the storage ho])pers over 
the grinding mills, to be mixed with the fresh clinker. We have 
written of this system of grinding as a thing of the past, for although 
French burr millstones aro still to some extent emjiloyed, as will be 
explained later, their use for fine grinding, as has boon described, 
has practically ceased. Air se])arators are, however, still in use, and 
will be referred to sub.sequently. 

Eock-Emery Millstones.—Millstones of French burr require re¬ 
dressing after from 30 to 40 hours’ use on good clinker. The output 
begins to diminish long before they are thrown out of work for this pur¬ 
pose, and for the last few hours it is generally very small, while the 
power required to drive them increiftes. The surfaces in fact become 
quite polished, and they have then no abrasive action. Messrs. Addison, 
Potter lb Son of Nowoastle-on-Tyne have long devoted considerable 
attention to grinding by millstones, and they build these stones of rock 
emery, the joints being run with a special mixture of cast iron. 
Provision, if required, is made for furrows, but for many purposes those 
stones work very well without them. Of course, the surfaces cannot be 
touched by any tool, but as a matter of fact they do not require dressing 
or levelling. Nor do the surfaces iiolish, and these millstones will work 
effectively during their whole life, which is much longer than Jn the case 
of stones built of French bm-rs. «• 

It only becomes necessary to pht them out of work when it is 
required to attend to the neck of the spindle, or to lower the cross-bar in 
the runner, and to cut away the centre part of the bedstone and the 
swallow of the runnei’, for which purpose theso parts are constructed of 
French burrs. The rough abrasive surfaces of the emety blocks render 
them particularly suitable for grinding core from sieves or from separa- 
torg,-while Messrs. Potter themselves employ thelh for double-grinding 
cement to an extreme degree of fineness, an opel^ation whiqh is practically 
impossible with "Frenct burr stones. The clinker is, to begih with, 
finely crushed, then passed through the first set of mills, which grind it 
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BO fine as to leave a residue of from 5 to 10 per cent.*on a test-sieve of 50 
meshes to the lineal inch; finally, withoir any attempt at siftinp^ the 
meal is passed through the finishing stones, which are built specially for 
Tine grinding. 

Our own experience with these millstones, both fo'' grinding clinker 
and raw flour from hard limestone, has been entirely successful. Except 
for grinding slurry, their use in the Thames and Medway district has not 
been large, but in the north of Ej'gland, in cases where millstone grinding 
is still practised, they are employed to a considerable extent, freijuently 
in connection with air separators. 

Continental Practice. — This for many years followed English 
methods, millstones being largely employed. Sifting was, however, 
introduced abroad at an earlier date than in this country. In England 
the almost universal jiractice is to make the upper millstone the revolving 
one or runner, and mills of this type have been largely used on the 
Oontinent, but in many cases those with under-runner stones, the upper 
one being fixed, are preferred abroad. It is claimed that a larger output 
can be obtained from tlie.se mills than from those with over-runners, as 
the material in course of being giound, which falls upon the rapidly 
revolving stone, is by centrifugal force thrown towards the periphery. 

The ball-mill has likewise been extensively used in Germany as a 
fine grinding mill, for which purpose, as we have previously mentioned 
when considering the dry process, it is not well adajited owing to the 
small output. In some cases it was customary to grind coarsely with 
ball-mills, the product being sifted through fine sieves, and the residue 
returned to the mills for further grinding with fresh clinker. Such mills 
have also been used for finely crushing clinker previous to grinding by 
millstones. 

Experiments with Grinding Machinery of other Types.—It was 
once a common saying that English cement was more coarsely ground 
than German, the probability being that both coarse and finely ground 
was madfPin both countries and that the purchaser got what he paid for. 
Whatever igay be the truth, it cannot be said that strenuous attempts 
were not made by English manufacturers to devise a better method of 
grinding than by millstones. Many difl'erent forms of mill were tried 
and large sums of money were wasted in fruitless experiments. At one 
time high-speed machines acting by percussion were favoured. Many of 
these would grfhd finely and give a large output, but one and all of them 
speedily wrought<their own destruction. The cost of re]fairs and renewals 
was so great that tlftir use was abandoned, and mills of this type have 
practically ilmppeareci 4^om the cement industry iu Europe. VJTe notice, 
howev6r, that an attempt if at present being* made** to eiiploy them 
in the United States of America. The hall-mill is, of course, a per- 
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cussipn machine, biA it revolves at a low speed, and this makes all the 
difference. 

The Eoller-mill.—Some instructive and valuable experiments were 
carried out in ISSOin Gerilany at the Quistorp Works by Dr. Tomei 
with roller-mills, derails of which have not, we believe, hitherto Ixien 
published hi'this country, but which will serve to put the case of rollers 
versus millstones in the best possible light. The mills with steel rollers 
were specially constructed for grinding cement, and the material made 
use of for the tests cthisisted of the coarse hard particles of clinker 
rejected by the sieves. Two jiairs of freshly-dressed burr stones, 4 feet 
3 inches in diasueter, and running at from 110 to 11.5 revolutions per 
minute, yielded on the average of a nine hours' test 8 5 tons of cement 
per hour, ground so fine that the residue on a sieve with 6,806 meshes 
to the square inch was only 16 jier cent. Twenty-three horse-power was 
indicated by careful brake experiments, and the temperature of the meal 
ro.se from 117° to 192°. 

Exactly the same amount of power sufficed in the parallel experiment 
to drive two sets of rollers and one pair of similar stones; the yield from 
the rollers was 14'5 tons per hour with a 13 per cent, residue on the 
sieve of 6,806 meshes per square inch. No observable rise of temperature 
took place in the grinding and in connection with prolonged use of tlie 
rollers; it is stated that after four months working they showed no signs 
of wear, except tliat the outer edges w^ro somewhat chipped. The total 
width of the rollers was 10 inches, but, beyond the fact that they were 
driven at differential speeds, to attain a certain amount of rubbing action, 
combined with the crushing, wliich produced a softer meal, no details of 
the mechanical arrangements are given. 

The above series of experiments were moreover valuable in that they 
afl'orded reliable data respecting the comparative strength of the two 
samples of cement produced by milling and crushing.' In order to test 
this question thoroughly, samples of the material produced in either way 
were carefully checked by the sieve and made into briquettes‘’neat and 
with standard sand. The cement from the stones left a residue on the 
sieve with 6,806 meshes to the inch 'of 16-74 per cent., and on a sieve 
with 32,275 meshes to the inch a residue of 21'16 per cent.; the total of 
the coarse particles from both sieves being thus 36-89 per cent. The 
following table shows the tensile strength of the cement in lbs. per 
square inch neat and with tliree parts of standard sand 

7 days. 28 days. 

• Neat. 428-1 '■ 480-7 

1 to 3 sand.IIS'S 240-1 

i / V ’ , 

A sam^e of exactly the same cement produced by the roller-mill left 
a residue on the 6,806 mesh Seve of 13-63 per cent., and on the 32-257 
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mesh sieve of 23'44 per cent., or a total re.sidue of 57‘07 per cent. ^ The 
tensile strength, tested as before, was as fol'ows :— 

7 d.iys. 28 days. - 

Neat.'37S-4 492-3 , 

1 to 3 sand,.lOS-G ^ 2ol-8 

It aj)pear.s from the figures that though the results were a little in 
favour of the stones at seven days, the twenty-eight days’ test gives the 
advantage to the rollers, and we may take it that, so far as the quality of 
the cement is concerned, there was practically no difference whatever in 
the two products. 

It will be observed that the grinding was equally fine, but it is 
pointed out by Dr. Tomei that while the millstone-ground cement 
steadily deteriorated from hour to hour, owing to the wear of the dress 
on the stone.s, the cement produced by the rollers manifested latterly 
a slight improvement in quality. The rollers were most accurately 
turned and polbshcd, and were set so fine and true that a sheet of 
notejiaper, when passed through them, was marked equally on both 
sides. 

Similar Results have not been obtained in England.—These 
tests certainly explain the reasons for the confidence at one time ex¬ 
pressed by foreign manufacturers in the roller-mills, but we cannot find 
th.at any results approaching these in excellence have hitherto been 
attained in this country. In fact, the following letter received from an 
eminent English firm at Hailing puts a very different light upon this 
process of grinding:— 

“We may say that some years ago we erected, at great cost, a 
complete and most elaborate system of (German) roller plant on most 
approved jirinciples. It was a complete failure. It certainly ground the 
cement to the required fineness on the .fiO and 80 mesh tests, but the 
difference in the compai-ative strength of the same clinker, prepared by 
stones alone in the ordinary way, and that when done by the roller plant, 
was most apparent. Fully one-third less strength neat, and more still 
when tried with the standard sand test. The setting was always slow, 
even with an otherwise quick-setting sample. No difference could be 
ascertained in the appearance or shape of par-tides under powerful 
microscopes.” 

“ After litigation the German firm of engineers replaced the rolls by 
millstones, and this gear was only recently taken out,and replaced by 
massive English-iftade stone gear. The real cause of tfio failure was the 
want of flour or impatpable powder in the same proportion as that pro¬ 
duced by fricljon-grounlfstufl^through stones.” ^ 

“ It was very fine stufl’ as a whole, but this flour was wanting, and 
80 per cent, or more was really only verylfine residue, which acted like 
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Band, and so retardfod the setting.' Sifting on a 30,000 mesh sieve, or 
throjjgh silk gauzes, told the tale; and these fine sieves are really the 
only ones that should be used in classifying or testing the values of 
cement meal.” ( 

“Since our experience of these rolls, we have always thought that 
this flour eotihi only^he produced by frictional grinding, but last year we 
saw an English edge-runner mill, and tested the same, and found that 
the flour was equal to that ground through the stones. The tests were 
also equally good, so there are hopes of the clumsy stone method being 
superseded. These other systems all take loss power than stones.” 

“ Some German friends, who spoke so well of the rolls before we put 
them down, never had found out our cause of failure until they heard of 
it hero, as it had previously been their habit to mix into one conveyor 
the product from the rolls and stones, and so the fault had not made 
itself apparent. We believe that their idea now is the same as ours, and 
they are agreed that roller-plant without stones will not do, although 
they can be worked in conjunction with each other. The system was so 
elaborate, complicated, and expensive, that we preferred to simplify the 
process, and to do away entirely with the rolls, and not even to have a 
‘joint-plant,’ and wo learn that in certain factories abroad, where the 
rollers were forjiierly in use, they have reverted to burr stones.” 

Edge-runner Mill of Dutrulle & Solomons.—Mills of the edge- 
runner typo have been largely expiwimcnted with and used in this 
country, and results of their working have from time to time been 
publi.shcd. Among these, Dutrulle <fc Solomons’ mill, Neates’ Dynamic 
Grinder, and Freeman’s Hydraulic Grinder, have been most extensively 
employed, and may hero bo noticed. In the first-mentioned mill the 
runners, four in number, are vertical, and revolve in different paths. 
The material to be ground is fed upon the upper one, and by the action 
of scrapers it is carried down to the lowest level,' from which it is 
delivered to elevators. These conduct it to a sieve, which separates the 
fine and coarse portions, the latter passing back again to the‘mill to bo 
re-ground. 

The runners weigh about 0 tons bach, and are built up of specially 
hard iron, the weight being obtained by cement filling. The beds are 
similarly constructed of hard iron—in fact, the manufacturers assert that 
these mil's will grind 10,000 tons of cement before the wearing parts 
need renewal. These results are attained by the selection of specially 
tough iron, and by the great thickness (1^ inches) of* the metal. It is 
claimed, moreover, that the grinding is effected rtther by the rubbing 
together, of the masses of clinker than by the‘‘contact withfand conse¬ 
quent abrAsion of,' the riietal surfaces. ' ' 

It was found in the cou«ee of some trials at Messrs. Booth’s works 
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near Rochester, that 40 I.H.P. was required to (^ve this mill for an 
output of 39^ cwts. of cement in half an hou', or at tho rate of about jO 
I.H.P. per ton per hour. During this e.rperiment the amount 'if 
Material returned to be re-ground with ap sieve of hiO meshej to the 
lineal inch was 40 per cent.; with an 80 nio.sh sieve, 24 percent.; and 
with a 50 mesh sieve 12J per cent. The mill was*driven ur-CO rcvolu- 
** tions per minute, the engine running at 05. The ground cement had a 
weight of 117 Ihs. per bushel. In all mills of this type, our experience 
shows that tho character of the meal produced .lili'ers from that yielded 
by burr stones, and manufacturers who have this mill in use h'lve, we 
understand, found some difliculty in turning out a cement of high 
tensile strength. 

In a circular is.sued by the manufacturers, some trials of this mill 
are conqiared with the results obtained by millstones. The output per 
hour is here stated to he 4 tons, ground to a fineness of .5 per cent, residue 
on a 50 by 50 sieve, the net indicated horse-power required being CO. 
The case of millstones is, however, not fairly put. In one. instance, the 
jiroduct from a pair of 4 feet 0 inch millstones, ground to the same 
finene.ss, is given as 15 cwts. per hour; in another, as only 12 cwts. 
This is simply absurd, as we know from our own experience that, with a 
good sieve, 27 cwts. per hour can be regularly obtained of this fineness 
from hard burned clinker per pair of 4 feet G inch stones. It is, more¬ 
over, claimed that cement ground by these mills is of better quality than 
that produced by millstones, a statement which is at least open to 
question. 

Neato’s Dynamic Grinder.—In Noate’s “ Dynamic Grinder” four 
runners revolve round an inclined raceway. The clinker is in the first 
place crushed by powerful rolls, from which it is elevated to the storage 
bin, passing therefrom to the mills. From the mill, by means of a 
system of scrapers, which form a special feature, it is delivered to two 
elevators. These discharge it into two rotating sieves, the wire cloth of 
which is protected on its inner surface by perforated steel plates. The 
fine portion^f the ground material is carried away by screw-conveyors, 
and the portion rejected by the sieves passes back to the mill. 

The result of an extended trial gave a regular output of 5 tons per 
hour, the net I.H.P. required being 48-9, and the residue on sieves of 50 
and 75 mesh being respectively 6 7 and 17'9 percent. It is not asserted 
that cement ground by this method is better than millstone cement, but 
only that it canjje in no way distinguished from it* Both the mills 
previously noticed a»o constructed for dealing with large quantities of 
material, b"t they are «iOt adajited for fine grinding. Cement^f such a 
coarse 'quality as that obtainid by means of th9 fore^ing experiments 
would be almost unsaleable at the present Way. 
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T^e Freeman latent Hydraulic Grinder.—This consists of a hod- 
or gcindiiig-platp, throe edge-runners of about 2 feet diameter by 10 
inches wide, .md an upper plate with a deep flange, all of chilled cast 
iron. „ The runners, by mears of spindles and bearings, are attached to 
the flange of the uppjpr jilate, which rests on them. This plate rotates at 
a speed of about ftO revolutions per minute, and carries the runners 
round with it, travelling U])on the bed-plate, upon which the material to 
bo ground, crushed to pass a 11-inch ring, is automatically fed. The 
flange of the upper plate shrouds the runners to a great portion of their 
depth, but, in addition, the whole mill is made dust-tight by enclosing it 
in a sheet-iron casing, which may be easily removed for inspection or 
re])airs. Llpon the top, and in the centre of the up])or plate, is fixed a 
small hydraulic cylinder and ram, by means of which the plate and 
runners are forced down upon the bed-plate and upon the material to be 
operate<l upon. The grinding is thus effected hy the weight of the 
runners and of the upper plate, supplemented by the hydraulic pressure, 
which may bo regulated to suit material of any degree of hardness. By 
the action of the runners, the material traverses the runner-path to the 
cii cumference, it is swept out by scrapers, and is carried automatically 
to a r(!vol\ing sieve, the portion rejected being returned to the mill for 
furtln^r grinding. The driving is effected from beneath the null, which 
may be supported on suitable columns, or it may be fixed on existing 
millstone hursts, the stones being removed. The output is given as 
about 2| tons per hour, the cement leaving 1 jier cent, residue on a 50 
mesh test-sieve, and about 6 per cent, on a 76 mesh, requiring from ,30 
to 40 l.H.P. 

Becent Practice.—We have already referred to and descrihed the 
ball, tube, and Griflin mills when treating of the preparation of raw 
materials by dry methods. We must now consider these mills as 
applied to the grinding of cement. In new plants, or extensions of 
existing ones, the employment of either Griflin mills or ball or “ Ivominor ” 
with tube-mills is almost universal, while one system or the'other has 
in many cases displaced machinery of the kind described ’"n the early 
part of this chapter. The tube-mill alone, as a fine grinding machine, 
without the ball-mill as a pi-eparatory coarse grinder, has had a separate 
and special use. 

At first only the No. 12 size was ma<l(!, and. the inventors adopted 
the wise precaution of carrying out exhaustive experiments before 
attempting to place it upon the market, which they ultimately did as 
a machine of proved value. The details were Vfery carefully worked 
out, and;sexcept as regards the manufacture ol:'larger sizes* lined with 
quartzite, V has* undergone little if any change at the hands of the 
orieinal inventors. 



18& 


GRINDING, STORING, AND PACKING. 

j ^ 4 ^ 

Introduced U the cement industry, as we haJ'e seen, about 1895, 
its success was imniodia*'e, as on adjunct to existing maolunery. j The 
continued demand for more finely ground cement was ])ressiiig very 
Tiardly upon the manufacturer. It was, of course, possible to increase 
his grin<ling plant, but it was obvious that existing m.tchiuery was not 
suitable for fine grinding while costly experiments with oth'r in ichiiies had 
*beer. unsuccessful, and fine grinding without an increased plant meant 
a diminished output. It was at once recognised that the tubemill would 
servo either to grind to a tine pow<ler the cote rejected by sieves or 
separators, or it would grind the cement direct from the mills without 
sifting or separating, while in either case the preliminary grinding might 
bo much coarser than it had previously been. The result has been that 
in this country millstones and edge-runner mills have in many cases 
remained in use, being employed as coarse grinders for tube-mills. Up 
to the time of the introduction of the tube-mill, ball-mills were only used 
in this country to a very limited extent, but on the Continent, as we 
have previously mentioned, they were in very general use for fine 
grinding. All that was necessary to adapt them for working with 
tube-mills was to replace the fine sn-ves by coarser ones. 

Except in cases where the original grinding machinery has been 
entirely replaced, few, if any, of existing cement plants wbich have been 
at work for ten years or more, are at the present time being operated 
without tube-mills. The result of their introduction as an addition to 
existing plants is either an increased out 2 )ut of finer cement, or the same 
output of finer cement with a reduced consumption of power. As an 
instance, two pairs of I feet 6 inch French burr millstone.s were grinding 
21 tons )icr hour of cem(!nt, so as to leave 3 per cent, of residue on 
a 50, and 10 ])er cent, on a 70 mesh-test sieve; this i)iant required 
90 I.H.F. A No. 12 tube-mill was put in with the result that one 
pair of stones and the tube-mill turned out 2J tons per hour of cement, 
leaving nothing on the 50, 2 per cent, on the 70, and 5 per cent, on the 
100 siove?75 I.H.P. being required. The cement passed from the stones 
to the tube-j(iill without separation. 

The coarso j)Owder from millstones may usually j)as3 direct into 
tube-mills without any separation of the fine portion. The fine cement 
is thus ground finer and the wear of sifting or separating plant is 
avoided. In some cases, especially on the Continent, the fine cement 
is previously taken out by air separators. With edge-runnei-s as pre¬ 
paratory mills, sieves are of course necessary. The ftoarse cement for 
finishing in tube-milts should be at least so fine as to leave no residue 
on a test sieve of 20 meeties to the lineal inch. ^ 

Until witliin the last fev7*years the Portlalid ceAent iriUustry can. 
scarcely be said to have existed in Amesioa and consequently most of 
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the plants are new.'- Grinding is almost universally either by Griffin, 
or bjj i)all- and tube-mills; in the latter case the product from the ball- 
mills pas.ses direct to the tube-mills without any attempt at separation. 

Fineness of Grinding.f.-There is at the present time no difficulty 
in obtaining Portland cement of any rec|uired fineness. Much experi¬ 
mental wo' k’ has been done in testing the comparative value of coarse 
and finely-ground cement, and it i.s now generally admitted that, as 
regards capacity for admixture with sand, finely-ground cement gives 
the be.st rcsnlts. « 

An additional argument for fine grinding which has been recently 
advanced is that cement, which, if it were coarsely ground, would be 
unsound and uns.afe to use, is by fine grinding rendered perfectly sound 
an<l good and this is in many cases undoubtedly true. Unsoundness 
and failure to pass tests may result from cither incorrect proportions, 
coarse grinding, irregular mixtures of the raw materials, or in [>art from 
all of these causes. The resulting clinker in such cases will consist not 
only of the true cement compounds hut also of uncombined or imper¬ 
fectly combined lime. This may exist either as small fragments or in 
a finely-divided state, enclosed in the fused mixture of silicates. Upon 
the addition of water to the resulting cement, the fine pai-ticles are 
immediately acted upon and become hydrated, the coarser ones may 
be acted upon only after the cement has hardened; often after a long 
period of time, the result being ultiriSaloly the complete di.sintegratiou 
of the mass. If the cement is brought into an extremely fine state 
of division, the whole of the uncombined lime may be hydrated and 
rendered harmless before setting takes place, especially if this occurs 
slowly. The general tendency of fine grinding is, however, to render 
the cement more or less quick setting, and means have to bo taken to 
counteract this defect by the addition before gri.iding of a small quantity 
of gypsum. 

Without attempting to say a single word in disparagement of finely- 
ground cement, ws are certainly of opinion that fine grinding of the 
finished material should not be employed to cover incorrect,.proportions 
and careless preparation of the raw’ material. Nor do we think it 
possible that cement prepared in this way, from which as wo have seen 
constancy of volume and satisfactory results by means of other tests can 
only be obtained by extremely fine grinding, can be so perfect a material 
as one in which the raw materials have been carefully pioportioned and 
prepared, even though the latter cement may be mors, coarsely ground. 
A coarsely-ground cement is not necessaiily an unbound one, as will be 
evident l\y reference to the results of tests by Seine of the early experi¬ 
menters, in cases Where the fineness of th^ cement has also been given. 

Grinding-Tests.—Much work of this kind with English cement will 
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be found in the ^roceedin^-, of the Institution of Ci'^Engineers; many of 
the experiments there recorded extending; over long periods of \ime. 
Constancy of volume, or soundness tests, which have only during recent 
years become general, are in many cases nol^referreJ to; but it nigy be 
fairly assumed that cement which continues to increase in strength with 
the lapse of time, and which finally shows no sighs of ret ogression, 
’must have been sound and good at the commencement. Correctly-pro¬ 
portioned, finely-ground, and carefully-prepared mixtures of raw materials 
—points upon which we have throughout this-book insisted—will, if 
properly burned, result in clinker, tlie cement from which, whether it 
may be ground coarsely or finely, will be constant in volume; the coarse 
or unground portion being absolutely inert. 

One clanger in connection with the use of finely-ground cement may 
briefly be referred to. If the sand is of good quality, as is usually the 
case on large and properly-supervised works, a loss proportion of fine 
cement than of coarse may be used to an equal quantity of sand with 
equally good results as regards the quality of the work produced and at 
a less cost. The proportion of sand may really be adjusted to the fine¬ 
ness of the cement. Large quantities of cement are, however, not used 
under sucli favourable conditions, and much of the sand employed is of 
very inferior quality, scarcely deserving the name of sand at all. A 
growing tendency exists to use increased quantities of sand, no matter 
what its ()uality may be, with the result that much inferior work is being 
done with very good cement. 

Storing and Packing.—From the grinding mills the cement is 
transmitted by elevators and worm or belt conveyors to the storage bins 
or silos. These are generally entii-ely closed up while being filled, the 
conveyor discharging at the top, the cement thus being distributed layer 
above layer. It may bo automatically weighed at any convenient spot 
on its way to the silos, the machine recording the quantity which has 
passed through it. In this country the usual practice is to fill and weigh 
the casks oc sacks by hand, the floor of the store or silo being on a level 
with the loading platform. In some Continental works the silos form 
an upper storey, the bottoms of the silos being hoppered and brought 
down to spouts, which discharge into casks or sacks on a floor at the 
loading level. 

In many American works the packing is entirely distinct from the 
storage departnmnt. The bins or silos are arranged on the ground level 
in such a manner that they can be made to automatically' discharge their 
contents into a tuniJol common to all. A screw-conveyor running 
through this tunnel conchicts the cement to the packing room, jvhere it 
is lifted* by an elevator to a hflpper, from which ^t is drawn By spouts. 
Both in Continental and American works,jDut especially in the latter. 
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owing to the high' cost of labour^ the packing is frequently done by 
macfnne, for which purpose it is necessary that the cement should be 
drawn from silos or from a hopper placed overhead. 

For casks it is conven^nt to employ a machine, which not only 
delivers the cement into the casks, but also, by i. eans of a mechanical 
arrangemsnt,>proviJes that every cask shall be shaken during the filling 
process, so as to secure uniformity of loading. It is also possible t(f 
connect such filling machines with a standard weighing machine which 
cuts off the supply o£ cement antomatically as soon as the cask has 
received its full charge. To prevent the escape of dust the cask is 
covered with a,hood which can easily be adjusted by hand. By means of 
branched spouts it is possible to arrange for the filling of two or more 
casks simultaneously, all the casks being placed upon a rooking platform 
to shake' down the contents uniformly. An apparatus precisely on 
the same principle has been arranged for filling bags and for weighing 
the contents, the sujiply, as in the case of casks, being automatically 
cut off. 

Dust-Collecting Contrivances.—In whatever manner the Portland 
cement materials may be mechanically treated, it is impossible to prevent 
the formation at certain stages of the process of considerable volumes of 
dust, and this dust may not only become a source of danger and injury 
to the health of the work-people, but it may also entail a s(!rious annual 
loss to the manufacturer, if precauticaM are not taken to keep it under 
control and to collect it by means of suitable contrivances. In order to 
separate dust from the atmospheric air in wliich it is suspended there are 
three systems available which are capable of giving good results(1) 
By the employment of filtering apparatus ; (2) by the aid of centrifugal 
force; and (3) by bringing the air to rest in suitable chambers. 

The first of these systems may, if properlv carried out, free the air 
almost entirely from all the particles suspended therein. Air-filters 
usually consist of a number of sheets of cloth or flannel fixed in light 
frames, through which the air is caused to pass by an induced draught. 
It has been found advantageous in cement works to enniloy a s])ecial 
apparatus for filtering purposes in which the frames can from time to 
time, by means of taps and blows, be freed from the dust which has col¬ 
lected on the surface of the vertically-arranged cloths, and in which the 
cloth can be cleansed by I’eversing periodically the current of air, so 
as to blow out the dust from the pores. A filter of this kind has been 
produced by Messrs. Nagel <fe Kemp, and their apparatus provides a 
large filtering surface by arranging the frames in*a cylindrical chamber, 
so as tq. radiate round a central inlet ; the dasfy air passijng in at the 
bottom, aW the<'purifl'ed air being drawn out at the top by Aieans of 
a fan. , In another kind of filter, the patentee makes use of a series of 
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lengths of hose enclosed in a chaBfber ; the dustSaden air passes nti 
through the hoses and parts with the dust, which adheres to the Viner 
surface of the hose. The portions of hose are from time to time fr.ejd 
from the dust by being beaten or shaken, an| the pores are cleansed by 
reversing for a short time tlie direction of the air current, r ’ ese hoses 
are arranged in pairs in air-tight receptacles, and thi batt jr/fflay consist 
^f any number of pairs from one to twelve, the total height being 13 feet, 
and the diameter of the fans needed to work them ranging from 12 inches 
to 60 inches. The dust falls to the bottom of*the chamber, and may 
either be removed continuously by a screw-conveyor, or it may be from 
time to time withdrawn when the hoses are being cleaaed. Filters of 
this kind are largely vised on the Continent in factories where much dust 
is produced. 

In some oases the filter itself is made to revolve, and by this means 
a large filtering surface is obtained in a comparatively small space. The 
filter cloth is star-shaiied and fixed on a rotating drum, so that separate 
cells are formed which are cleaned automatically by tapping. As the 
entire aiiparatus is contained within an air-tight cylindrical casing of 
wood or iron, it is entirely dust proof, and it can be made to work with 
its own fan or with any suitable draught producer. 

A filtering apparatus of a somewhat different type consists of a 
horizontal tube, the lower half of which is constructed of sheet iron, and 
the up])er part of flannel or woollen cloth. The dust-laden air is passed 
into this tube, in which is fixed a revolving shaft furnished with spiral 
brushes. These brashes serve to carry the dust to the end of the tube, 
whence it is removed by a screw-conveyor, while at the same time 
they free the woollen surface from dust and facilitate the exit of the 
purified air. 

The centrifugal system of dust collecting is much less perfect than 
any of those we have already described. The dusty air is admitted—in 
one form of machine, the “ cyclone ”—to an upper cylinder constructed 
of metal ina powerful current caused by a fan or blower. The current 
enters tangentially, and the dust follows the windings of a S))iral until 
it reaches the outlet, and falls into a conical receptacle placed below the 
cylinder, while the air, freed from dust, escapes by an orifice in the top of 
the cylinder, and is usually permitted to pass up a pipe to the exterior 
of the building. 

Under the third method of dealing with dust, the settling chambers 
are usually of large size, and they are arranged to oci^py some vacant 
area in the roofs or inathe upper part of the factory. These chambers 
may oonvenigntly be diijided into cells by a aeries of hanging,screens 
or frames, covA’ed with canvaspand for readily Mlectftig the*dust the 
floors are often hopper-shaped, so that the.particles fall to the bottom 
and admit of easy removal. 13 
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Theoretically the action of such chambers depends upon the possibility 
of ^)ringing the air into complete rest, and the extent to which this can 
be done is founded upon the relative size of the chamber as compared 
with the volume of the fust-laden air which has to pass through it. 
Even under the best conditions, this jilan of freeing the air from im¬ 
purities ?s fa’i from perfect, but very considerable quantities of dust can 
be intercepted by this means, and the annual value of the cement whicK* 
is obtained in tliis way will pay a good interest on the initial cost of 
constructing such chadibers. 
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OriAPTEU XIV. 

THE COMPOSITION OF MORTAR AND CONCRETE. 


Contents. —Definition of Mortar — Aeiioa of Sand — Sand WoakenM Cohesion— 
Opinions of Early Writers—Proportion of Sand At.ried—Vicat and Pasley on 
the use of Sand—I'otten’s Theory on Sand .Addition—Size of Sand Grains— 
Scott on ProjKU'tion of Sand—Preparation of Mortar—Aidihcial Stone- 
Concrete—Arnunircd or Rc-enforced Concrete. 

Definition of Mortar.—Mortar, as the term i.s commonly understood in 
this country, is applied to the mixture of lime or cement with water to 
form a plastic matri.x for embedding or uniting together bricks or masonry. 
Such mortar invariably contains a certain proportion of sand. It was an 
opinion very widely entertained by the oiirlier writers on building con¬ 
struction that this sand had a beneficial effect on the mortar to which it 
was added, though we now know that there is no foundation for this 
belief. 

Action of Sand in Mortar.—There are perhaps certain cases in 
.which .sand of a peculiar description and used in small quantities may 
tend to improve a sample of lime or cement, but such cases are quite the 
exception, for sand can only he regarded in the light of recent experi¬ 
ments as a diluent, or as tending to diminish tlie strength of any given 
specimen of lime or cement, and the only valid reason that can he urged 
for its use is the advantage gained in point of economy by the employ- 
ineut of a cheaper material. It has been, however, pointed out that, 
when exposed to compression in mortar joints, the influence of the hard 
particles of sand, if duly compacted, may be beneficial, owing to the 
ineroasecl power of resisting a crushing strain possessed by the hard 
particles of ((uartz, as compared with the friable or putty-like mass of a 
pure lime morjar or even of a stratum of cement. 

Properties of Mortar.—Mortar Suitable for ordinary buildings must 
have the consistency of a creamy paste, in order to work well under the 
trowel into the joints and interstices of the materials. It should have 
considerable power of adhesion, so as to retain the substance with which 
it is being used iii position, and it should possess the power of rapidly 
indurating and of bacoming in course of time as hard as tfie remainder of 
the structure, which it Should bind together into a species of monolith. 
Moreover, it should be ca|fiA>le of resisting the attacks of the atmoE^bere, 
moisture, and the other destruStive influences to'which'buildiligs are 
ordinarily exposed. 
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,Influence of Sand.—It will be obvious, therefore, that, apart from 

thfe qualities of the lime or cement, the sand which enters so largely into 
the composition of mortars of every description has an important function 
to fulfil, and though it ddtss not increase the strength of the compound, 
its action upon th^ mortar should be carefully studied. 

Sand niti.v Act in Pour Diflferent Ways.—We may consider its 
probable effects under four heads. First, Respecting the cohesion of tfl? 
particles of the cementing material. Second, The adhesion of the lime or 
cement to the surfacfes of the sand grains. Third, The possibility of 
causing weak places, due to the occurrence of several particles of sand 
in contact without a sufficient supply of cementing material to envelope 
them and to fill up all the interstices ; and lastly, the increase of 
strength the sand may produce in such cases in which the sand grains 
are stronger than the cementing material in consequence of the line of 
fracture being longer than it would be if no .sand particles were present 
to interrupt the direct passage of the fracture in one plane. 

Sand Tends to Weaken Cohesion of Mortar.—Treating of these 
various points seriatim, we know from numerous tests, conducted by 
skilled observers, with every description of lime and cement, that the 
cohesion of the particles of mortar made from neat lime or cement is 
nearly always greater than that which is found to exist between the 
particles of the same cementing material when used with .sand. If we 
regard the matter simply as ojie %f cohesion or adhesion, though wide' 
differences doubtless exist between the behaviour of various qualitie.s of 
sand, whether the surface of the grains be rough or smooth, or whether 
the lime or cement be capable or incapable of exerting a chemic,al action 
upon them, the general effect of sand, which retains its position in the 
mass by the force of adhesion only, is to lessen the force of cohesion. 
The diminution of strength will be greater in the case of fine sand 
than it will when coarse or large-grained sand is employed, and it will 
invariably be larger in direct proportion to tho amount of sand we use. 
For in both these cases the surface to be covered with tiie cementing 
agent is enlarged. We substitute, in fact, a lesser force, t^at of adhesion, 
for a greater force, that of cohesion', the more sand we add. To the same 
extent, also, that w'e increase the amount of sand, we incur the risk of 
weak points from a deficiency of cementing material. The only benefit 
we can trace then to the employment of sand is the interposition of the 
sand grains into the direct path of fracture, which they tend to lengthen, 
and increase, and in so far as these grains are stronger than the lime or 
cement we are using, they may improve the mol tar. 

8(tnd does not, therefore, improve tna Mortar.--On the whole 
tho advantages of the sand do not couftterbalance the sources of weakness 
introduced by it into the mortar, and practical experiments confirm the 
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truth of these views. Mortar is, in fac\ mer y rend^ed cheaper by tne 
employment of sand, but nou in any sense iuip.oved by its use. ^ 
Opinions of Early Writers on Sand in Mortar.—From the tiijn.e 
of’Vitruvius onwards all writers on the subject appear to have tak(*n it 
for granted that a due admixture of sand must tend to improve the 
mortar. The earliest builders no doubt found that limw'iisSd alone, 
especially in the form of stucco, had a tendency to shrink and crack in 
drying, and that this failing could be corrected by the addition of a 
certain pro])ortion of sand. Having once established this fact, we can 
well understand that it soon became a settled doctrine that the use of 
sand was a matter of necessity in the production of a good sample of 
mortar, but it is sti-ange to find how greatly opinions have difiered 
respecting the reasons for the benefici.al effects of this addition, and 
with regard to the jiropor proportion of sand to be employed. 

Proportion of Sand Added.—Vitruvius asserts that “ when the 
lime is slaked it is necessary to mix 3 parts of sand, if the sand is fossil 
(pit sand), with 1 part of lime; and if the sand is river sand to odd 
2 parts of it to 1 of lime.” He goes on to say that these are the best 
proportions to use for mortar, and he accounts for the hardening of the 
mixture somewhat ingeniously as follows:—“ 'I’hc weight of the lime 
after calcination is diminished about one-third by the evaporation of the 
.watery parts; from this it results that the pores being empty they are 
better fitted than before to receive the admixture of sand, and to unite 
strongly with the blocks of stone to form solid masonry.” 

Theories for Use of Sand.—Many authorities, ancient and modern, 
follow Vitruvius and adopt his views ; some of them endeavour to invent 
equally fanciful theories to prove the advantages conferred by the sand. 
Thus Masquer states that “ the particles of slaked lime adhere more 
closely to hard bodies than to each other, on account of the great 
quantity of water united to them, which prevents their coming so closely 
into contact as they do with sand or cement (puzzuolana), for these 
substances t>y absorbing a portion of the water of the slaked lime 
facilitate the frying and adhesion.” The amount of water absorbed by 
sand would be infinitesimally smllll, and this theory is manifestly 
incorrect, though it has some show of reason in its favour. 

Invariable Buie Established to Add Sand.—It gradually became 
recognised as an established fact among builders that lime was capable 
of taking up a prescribed dose of sand (the amount assumed to be the 
correct proportion Varied greatly), and it was not untiT Vicat and the 
careful experumenters of the French school, and our own countrymen, 
Smeaton.and*!^asley, be^h to conduct inde 2 rendent tests that the old 
faith in the efficacy of sand begSi to be shaken. ' ' • 

Proper Proportion of Sand to be tTse*—In the matter of propor- 
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tioiis'there has been at all times a great difficulty in deciding exactly 
what was really intended by writers upon this subject. Some authori¬ 
ties made their mixtures by weight, some by volume, some used lump 
lime, and others used sla^Sed lime, so that no two results are strictly 
comparative. The|. views of Smeatou on the employment of sand arc 
sound .and go.)d. He states that: “ The use of sand in mortar, so far as 
I have been able to observe, is two-fold—1st, to render the composition 
harder; and 2nd, to inej-ease it in quantity by a material that in most 
situations is of far les^f'expense, bulk for bulk, th,an lime. As there is no 
apparent change in the sand by the admixture of the lime, the sand seems 
only to render’ the composition harder, by itself being a harder body ; for 
the best sand being small fragments of flint, crystal, quartz, A’c., is much 
harder than any body we know of that can be formed of lime only, which 
in paste is to be considered as a cement to the harder material, and 
therefore composes a harder body; for the same reason that if we had 
nothing naturally but lime as a cement, and should build a wall with 
flints, crystals, or rough stones cemented therewith, this wall would bo 
harder than if built with lime alone.” 

Vicat on the Use of Sand.—Vicat, whose experiments on cement 
were, as we have seen, more careful and elaborate than those of most of 
his predecessors, cannot be trusted when he deals with the question of 
sand addition, for he could not in this case shake off the trammels of 
routine, and he accordingly regai'dtal sand as a necessary part of mortar. 
He, however, lays down rules for the proportions of sand to be employed 
with fat and with hydraulic limes, which show a sound appreciation of 
the subject, and he points out that the quantity of sand must vary in 
accordance with whether the mortar is to be used in exposed or in pro¬ 
tected situations. He asserts that the “intervention of pure sand does 
not tend as was before believed to augment the cohesion of which every 
kind of lime inditterently is susceptible, but it is injurious to rich limes, 
very serviceable to the hydraulic and eminently hydraulic limes, and is 
neither beneficial nor injurious to the intermediate kinds.” " 

Pasley’s Eules for Use of Sand.—Pasley, whose protracted investi¬ 
gations into the nature of cement mixtures and the influence of sand are 
so well known, did not fully recognise the facts of the case, for he seems 
to have thought that the strength of mortar was in some way or other 
related to its plasticity or pleasantness in working. He tells us that ho 
found that Hailing lime would not stand so large an addition of sand • 
as the common chalk lime, and he proceeds to stdte, “ every one will 
acknowledge that the proportion of sand which will make good mortar 
with dbalk lime would entirely ruin cement, Vbich is scarcely capable of 
bearing one-third of that quantity.” "Of course he had in view the 
Roman cement of those dfcys which will take but little sand; but he . 
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spoke from the workman’s point of view, and i sgardM a mortar asi*ruined 
when it was “too short for use.” W^e ’low know that Portland c^cnt 
will make a strong mortar with six volumes of sand, though few work¬ 
men care to use it when mixed in these proj^rtions. • 

Totten’s Theory as to Sand Addition.—We do not f r 1 any writer 
on this question who is entirely to be trusted untifwe oafne'to the ex¬ 
periments of General Totten, who employed a pure fat lime, and who 
clearly shows that each increase in the proportion of sand involves a 
falling off in the strength of the mortar; the littie alone furnishing the 
strongest mortar. His experiments, are set forth in the following table, 
which we have extracted from the valuable essay of •General Scott, 
published in vol. xi. of the Professional Papers of the Corps of Royal 
Engineers:— 


Katitke of Lime. 

Composition op Moktak. Tuk Lime Measured in Paste. 

0 Sand. } ^ Sand. 

1 Lime | 1 Lime. 

^ Suiid. 

1 Lime. 

I Sand. 

1 Lime. 

2 Hand. 

1 Lime. 

3 Sand. 

1 Lime. 

4 Sand. 

1 Lime. 

Smithfiold fat lime, . 

262 T) 245-6 

222-5 

214-7 

_ 

170-3 

154-0 

135-1 


The lime used in these tests was carefully ground in a mill and the 
mortars wore moulded into prisms 6 inches long by 2 inches square in 
section. They were then subjected to a pressure of GOO lbs. for a few 
minutes, and after 50 days were broken by a force acting midway 
between the points of support, which were 4 inches apart. Three trials 
were made of each sample, and the highest breaking weight is in each 
case recorded. In all the experiments made by Totten he found that the 
strength of the mortar diminished as the quantity of sand was increased. 

Importance of the Size of the Sand Grains.—The size of the sand 
grains and the proportion of solids to voids in any given sample of sand 
is no doubt a subject of much importance in making mortar. It is a 
matter of "common knowledge that if a measure of known size be filled 
with dry sand, and if water is then poured upon it, the sand will settle 
down as the water is steadily adtfed, and owing to a re-arrangement of 
the sand grains the mass will ultimately occupy a greatly reduced volume 
to that which it does in the dry state. Under certain conditions this 
shrinkage may amount "to 26 per cent, of the volume. In the course of 
some experiments at Bermuda by Colonel Nelson, R.E.^it was found that 
1 part of lime ponder when added to 3 ]>arts of sand scarcely sufficed to 
fill the voids. In the form of paste it took 1 part of lime paste to fill the 
voids ip 6 ^aits of sand! ^ 

The general experience is that coarse grameu auguiar sauu pruuuces 
a tougher and stronger mortar than a very'fine grained sand, though the 
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lattet iVorks more sweetly under the trowel. This is probably due to the 
larger air spaces caused by the cavities or voids of relatively larger area. 
The. average voids in sand have been found by careful measurement to 
amount to about 33 per cen^i. of the total volume occupied by it. No 
mortar can be regaijded as wholly satisfactory in composition in which 
the voids in tfe.sand are not filled up by the cementing material, because^ 
otherwise certain of the grains might be in contact and have nothing 
lietween them, to hold them together. 

Scott on Proportiin of Sand to be Used.—General Scott, as the 
result of the careful consideration of numerous specifications, comes to 
the conclusion that if we are using the feebly hydraulic gray chalk lime, 
such as is generally employed in the London district, we may safely add 
IJ parts or even 2 parts of s.and to 1 part of slaked lime by volume. 
With a more hydraulic lime, such as that obtained from the lias form.v 
tion, he would use 2 parts of sand to 1 part of slaked lime; and with the 
pure chalk lime or the fat lime resulting from the calcination of a pure 
limestone, since the mortar so obtained is at all times very inferior, he 
states “ if we are compelled to use such miserable stuff we shall not be 
losing much in resistance if wc increase the quantity to 3 parts of sand 
to 1 part of lime.” 

The Preparation of the Mortar.—All the earlier writers on mortar 
laid great stress upon the thorough incorporation of the lime and sand, 
and it would seem by the price-booSs of the last century that in this 
country it took quite a day for a labourer to beat together the ingredients 
necessary to make 1 cubic yard of mortar. At the present time in all 
imj)ortant works the mortar is mill-made, and in this way, no doubt, a 
far better mixture of the sand and lime is obtained than by the old- 
fashioned system of beating or larrying. 

Experiments on the Strength of Mortar.—Many writers have 
experimented on the strength of the various descriptions of mortar, and 
it is not our intention to go into this question more in detail in the 
present chapter, ns we shall have to revert to this branch of ilie subject 
in our chapter on cement testing.* , 

Concrete.—We have still to deai with the question of concrete, a 
term of recent origin, which has been considered by some authorities to 
be derived from the Latin word concresco. This may be taken to mean 
to grow together, or to consolidate. By “ concrete,” or the French word 
“ beton," is meant a conglomeration of small stones embedded in a matrix 
of cement or mortar. There are natural examples of concrete in the 
“ pudding stones,” where gravel pebbles are united together by oxide of 
of iron, er some similar binding agent, into a hard mass. jBuildipg with 

•'if 

.*In Appendix A {folding table) will be fonnd some experiments by Mr. Kirkaldy 
on various descriptions of mortar. '* 



THE COMPOSITION OF MORTAR 


ND CONCRETE. 

ft * 


201 


factitious stono waa ill uac iii vcvy uxiuicxjv uiuti^Oj auu ovuio wii .,c»s ha\ e 
asserted that certain of the Pyramids of E.'ypt were constructedTrith 
artificial blocks of small stones and lime. 1.’ any of the earliest buildings 
m this country, dating back to the time of(j.he Roman occupationjiwero 
evidently constructed of a si>ecies of coarse rubble-work ' herein frag¬ 
ments of stone and Hint are embedded in lime morter. 

Artificial Stone.—As the knowledge of the ))roperties ot cements 
became extended, it soon occurred to ingenious minds that these 
materials might be employed in the formation ol'artificial stone, and this 
idea was first worked out upon a practical scale in France. Towards the 
close of the eighteenth century several inventors luacte known their 
processes for moulding a mixture of cement, sand, and gravel. The 
first experiments in this direction appear to have been due to a Toulouse 
architect, M. Lebrun. He used a specially prepared cement, which he 
made in a lime kiln; this cement, to which ho gave the name of “hydro,” 
was composed of a mixture of lime, clay, and powdered coke or chai’coal. 
The calcined material was ground and mixed with varying proportions 
of sand into a very stiff paste, with a minimum of water. This paste 
was at once introduced into the moulds and well rammed with a beetle. 
The artificial blocks made in this way were sometimes of a considerable 
size, and arches, with a span of upwards of 30 feet, were constructed 
under Lebrun’s system. 

Ranger’s Concrete.—In this country the concrete constructions of 
Mr. Ranger, about the year 1832, for which he obtained j)atents in 
December, 1832, No. G341, and again in 1834, No. G729, attracted con¬ 
siderable attention. The wharf wall of Woolwich Dock Yard was 
erected by this process, and its subsequent failure, duo rather to insecure 
foundations than to a defect in the material, for a time brought concrete 
work into discredit.* 

Vicat, in his work on mortars, describes a rude system practised in 
Piedmont for the production of artificial blocks of stone. Pits or trenches 
are excavated in a stiff clay soil to a depth of about 4 feet, and the sides 
are carefulljitrimmed to the requisite dimensions, and thus constitute a 
species of mould. A mixture of Iiydraulic lime and sand is then intro¬ 
duced, and large pebbles are inserted by hand in such a way as to cause 
the compound to be driven into all parts of the mould, the top is levelled 
off with a trowel, and then the whole mass is carefully covered over 
with about 2 feet of soil, and left for two or three years to become 
indurated. The flme used for this purpose is obtained at Casal, and is 
one rich in magnesia. The blocks formed in this way in a damp soil 
obtain %surprjping degrde*of hardness, and may be dropped one on to the 
other from a height of 20 feet without injury. * 

* Sea Pasley’s work, p. 21; and again tn his Appendix, p. 30. 
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CoEcrete in Wtanoe and England.—In consequence of the inven¬ 
tion/ of M. Coignet in France, and of Mr. F. Ransome in this country, 
increasing attention has in recent times been paid to the production of 
monolithic structures formqi;] of gravel or ballast, aggregated togethef 
into masses hy means of lime or cement. Concrete is really a mortar 
matrix, sefviilg to land togetlier a suitable proportion of |)ebhloa, flints, 
or broken stones. The amount of lime or cement to ho used in making 
concrete must thus be to a certain extent determined by the nature of 
the materials to be employed as aggregates. It ought theoretically to 
consist of a perfectly made mortar, sufllcient in quantity to fill the voids 
of the larger materials, for which it is to be used as the incorporating 
medium. The proportion of lime or cement may vary from one-seventh 
to one-twelfth of the aggregates, but no concrete can be really sound and 
good where the materials—the sand and gravel—are not properly 
adjusted. We mean by this that the lime or cement should be sufficient 
to amply fill the interstices of the sand, and the lime and sand mortar 
should properly fill the voids in the larger masses of stone. It has been 
found by careful measurement that while the voids in pebble-gravel will 
average about 34 ]>er cent, of the volume it occupies when dry, the voids 
in broken stone may average from 40 up to .hO per cent, of the volume. 
Taking a mortar composed of 1 part of cement to 3 parts of sand, we 
might safely add, for the purpose of concrete-making, 3 parts of gravel 
to 1 of mortar, or 2 parts of brofeen stone. In some specifications, 
however, those limits have been dangerously exceeded, and there is 
.sometimes a failure to apportion properly the sand and the larger 
aggregates. When concrete is merely used as a material for foundations 
in trenches this is not a matter of very great importance, but where the 
concrete is to be used moulded into blocks, or in order to form mono¬ 
lithic structures, it is very necessary to study these matters with care. 

Experiments of Mr. A. E. Bruce on Concrete.—The observations 
of Mr. A. F. Bruce, who has carried out numerous experiments re¬ 
specting the strength of Portland cement concrete, and whose- investiga¬ 
tions are published in vol. cxii. of the Min. of Proceedings qf tits Inst, of 
Civil Engineers, will show the importance of attending to these details. 
By careful manipulation of the ingredients and accurate adjustment of 
the proportions some excellent specimens of concrete known as “ betons 
agglomer&s" are produced in France, and have been employed for very 
numerous purposes, for which stone or terra cotta is used in this country. 

Cement and Concrete Mixing by Machinery.-- Machinery has in 
recent years been introduced into all large works for the preparation 
both of mortar and concrete, to supersede the fbrmer slow and cumbrous 
method of hand-mixingl In the case of inortar-making many advantages 
are no doubt obtained by the use of edge-runner mills of, sufficient size, 
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especially where lime has to be incorporated with b'urnt ballast* Jn the 

Tare a ‘he ordinary mill sels to 

have a tendency to decrease the tensile strength of the mixture, and to 

etord somewhat the nnt.al set of the cem^T.t, but if. for cement .aortars, 
he rollers are taken out of a revolving-pan mill and replaced by a fixed 
srm with teeth a very effective mode of mixing is lecurpd,-xindch greatly 
«.rj|asses hand-gauging. For the preparation of concrete, numerous 
.echanica devices arc available, all of which are immeasurably superior 
.0 hand labour, for in all of them a very intimafe admixture between the 
■ementing material and the gravel or ballast is secured, and great uiii- 
ormity m the adjustment of the proportions is attainted. In order to 
produce the best results, a careful study of the voids in the sand, as 

“■ 

Armoured or Beinforoed Conerete.-The employment of concrete 
m construction is now making vast strides owing to the enormous gain 
in strength which is attained by the judicious use of an iron or steel coi-e 
or in the case of slabs or thin blocks, by the employment of wire netting 
or perforated iron jilate, the so-called “extended metal." The wei-rht 
of iron which was formerly introduced in the shape of rolled joists, for 
instance in flooring, has been roved to be quite unnecessary, and it 
sufhees to employ twisted rods of small section, embedded in the centre 
of the concrete, to impart a degree of sireiigth which is greatly in excess 
of that which wouhl pertain to the sum of the strengths of the concrete 
and of the rods used separately. Experiments tend to jirovo that in 
armoured concrete the iron core acts in tension, while the concrete 
cliiiging round it is in compression. The subject of reinforced concrete, 
which has been much studied, both on the Continent and in America 
must be reserved for a future volume. merica, 
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CHAPTE ' XV. 

CEMENT TESTING. 

Contents. —Early Cement Tests—Their Doubtful Value—Pauley’s Testi—Ereneh 
Tests—Grant’s Tests—Bririuctle M,akiug—Early .Specifications for Coments— 
Cost of Testijsig—Defects in mode of Tc.sting—Speeitic Gravity Test—Eorra of 
Test-llriipiettcs—Instructions for’I’esting by Mr Grant—Professor Ujnvin on 
Cement I’esting—Induration of Cements—German System of Testing—Adio’s 
Testing Machine—The Goreham E’lourometer—Arnold’s System of Testing. 

Early Cement Tests.—The makers of the quick-setting cement of tlje 
Roman cement type were fond of displaying the tenacity and tensile 
strength of that material by the construction of horizontal beams of 
brickwork, which were built out from a wall a brick at a time. Some¬ 
times a whole day was allowed to elapse between the placing of each 
brick; at others the fresh bricks wore added as soon as the last made 
joint had become set. For this purpose some five or six minutes would 
suffice witli the best quality of Sheppey cement, and General Pasley 
observes ; “ It was stated in my prusofice at one of the meetings of the 
Institution of Civil Engineers, by members of that Society, that so many 
as thirty bricks had been stuck out in one day, and thirty-three bricks 
in tliirty-threo days in the same manner.” Messrs. Francis had similar 
beams at tlieir works, and General Pasley tested his artificial cement 
both by building out the beams with the bricks laid horizontally, and 
also with the bricks arranged in a vertical position, in which latter case 
a far greater number could be supported. 

Doubtful Value of these Tests.—He says, when speaking of this 
system of testing: “ Considering that this mode of setting o!.t bricks 
from a wall, though an excellent test of the quality of diflerf.nt sorts of 
cement, if always done under the like circumstances, might be sujiposed 
doubtful, if executed by workmen of unequal skill, or not precisely in 
the same manner, and in different states of weather or of temperature; 
and considering also that a pier [beam] of this sort, exhibited at the 
premises of any cement manufacturer, might not be considered satis¬ 
factory by persons'"who had not been actually present 'at the time the 
bricks were placed; since there can he no doubt that, by permanently 
supporting such jners for several months, a imlch greater effect would 
be produced’ than ‘by the mode I have described of only holding each 
Successive brick a few minutes by a trowel; it therefore aj^eared 
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desirable when* we first prepared dor commenoii% those exp^imental 
piers [beams], to make arrangements also for trying the oom]Arative 
strength of the same from artificial mixtures by tearing them gradually 
to pieces by a dead weight.” 

General Pasley’s Tests.—He then describes a plan of uniting three 
(afterwards four) bricks together on the flat by *wo joints^ of 9 inches 
by 4J inches, having mortises out in the upper and “lower bricks for 
receiving iron nippers. After allowing from thirty-six to forty-three 
days for the induration of the cement, the joyits were torn asunder by 
gradually applied weights, laid on by J cwt. at a time, in an appjiratus 
which was in the nature of a gigantic scale-pan. was found that 
when only three bricks were used the weight generally fractured the 
uppermost bricks by tearing them apart at the mortises, so that in the 
later experiments four bricks were used, and the mortises were cut in 
the top and bottom brick.s, by which means the solid jjart above and 
below the mortises is strengthened by the thickness of one entii'e brick 
and a cement joint, leaving the centre joint only exposed to the full 
action of the breaking apparatus. 

Unscientifle Nature of the Early Cement Tests.—All of these 
tests, and even those obtained in later times by joining two bricks 
together crosswise, so as to obtain a cement or 
mortar joint inches by 4i inches = 20J square 
inches in area (see Fig. 46), were far from scientific, 
and it was not until recent times that the more 
accurate and reliable system of using briquettes, 
having a standard area at the neck or point selected 
for fracture, came into use. These notched briquettes 
appear to have been first used by French engineers. 

For an early teat of Portland cement briquettes of ^*8; 46.—Bricks 

this kind, see the experiments at the 1851 Exhibi- joined crosswise for 

Cement Testing. 

tion, p. 40. 

Tho.Value of Portland Cement made known by Testing.—The 
estimation in which Portland cement is at present held, the reputation 
it enjoys‘among engineers, and. indeed its high position as a building 
material are mainly due to the tests it has undergone in the past, and 
to its behaviour under others of like character and of increasing severity 
that are constantly bejng applied to it. It was pointed out many years 
ago at the Institution of Civil Engineers that, in introducing a cement 
of this nature,^t was very necessary to adopt some general standard of 
excellence, and the first record wo can find of any systematic experi¬ 
ments wij;U Portlanci «ement were those conducted by the Inginieurs 
des ?ont8 dl Chaussfies, by»whom this materiij was #mployfd on a large 
scale about 1848 to 1850. 
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Earj(y French T'asts of Fortland Cement.—The French tests in 
use a/that period wer(s in the inain as follows;— 


Specific weight 1,200 kilogrammes per cubic metro, or 98 lbs. per imperial^ 
bushel. ■ 

Toii-sile strength of briqiioKes on the arc,a of 2’25 sipiare inches. 


In 2 (lays, 

Kiiot'ramnics. 

U 

f.bs. 

J41 

Kiloi'ramiiieb. 

Lte. 

5 ,, 

. 128 

282 

64 

141 


. 2-i0 

528 

128 

282 


1 Oemeiit to ‘J parts Sami. 


Tests by Mj', Druce and Mr. Rondel.—Very shortly after this 
date Portland eeinent was u.sed extensively on English harbour works by 
Mr. Rondel and by Mr. Druce at Holyhead and Dover, and these geiitle- 
nien subjected the material to searching le.sts, hut it does not ajipear 
that its compliance with any definite standanl was at that time insisted 
upon. 

Mr. John Grant’s Tests.—The engineers of the Metropolitan Board 
of Works were the first public officials in this country to institute 
analogous te.sts to those adopted in France, and to the late Mr. John 
Grant, M.Inst.C.E., who wa.s mainly responsible, for these tests, and who 
on several occasions presented to the imblic the results of the long and 
laborious investigations carried out by him resjiecting the strength of 
Portland cement, we are largely ind#fat('d for our pre.sent knowledge of 
the properties of this material, and for the. vast improvements which 
manufacturers have been able to effect in its quality of late years. 

Mr. Grant’s Essay on Cement in 1865.—In a paper entitled 
’‘Experiments on the strength of cement,” communic.ated to the Institu¬ 
tion of Civil Engineers in December, 1665, Mr. Grant described the 
steps taken by him during the construction of tlie southern portion of 
the Metropolitan Main Drainage Works, in order to ensure the use of 
cement of the best quality only. He points out that previous to 1859 
Roman cement was with but few exceptions employed for the inverts of 
the Doiidon sewers, the arches being set in blue lias lime, and Portland 
cement being “scarcely ever tried.” . It was, in fact, until this time 
chiefly employed as a stucco, and in ordinary building operations, though 
it bad been, as we have seen, used at Dover and elsewhere mainly for 
the formation of concrete blocks, and it had already been largely adopted 
abroad. 

Mr. Grant’s SPirst Specification Based on Teats.—After some 
preliminary tests with samples of cement ]>rocurcd for the purpose from 
various manufacturers, and some corresponding trials of oemeqt obtained 
from the'makers in thetordinary way, theaollowing clause'was inserted 
in the specification for the Soiithern high-level sewer, dated 1869, being 
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uue ui-au munnvi, under *he Mftropdilitatt' Board oflKV^orks on th^ south 
siile of the River Thames :— *’ 

“The whole of the cement to ho used in chese works, and referred i.o 
hi this specification, is to he Portland cement, of the very best quality, 
ground extremely fine, weighing not less tlian 110 Ihs. to the striked 
bushel, and capable of maintaining a breaking weijfht ol io>*lbs. on an 
‘ftrea 1^ inches by lA inches, equal to 2j square inches, seven days after 
being made in an iron mould of the form and dimensions shown on 
drawing (see Fig. 47), and immersed six of thesi.days in w.ater.” 

Briquette-moulding Machine.—In order to prepare the recjuisitc 
test-briquettes, a moulding machine of simple conatruclion was intro¬ 
duced, and l)ell-m(‘tal moulds, having a sectional area of liV 
inches by 11 inche.s at the breaking point, were employed. 

The moulds were originally provided with linings or 
templates of thin iron, which exactly fitted them and 
enabled the bri(jucttcs to be removed directly they were 
formed. The moulding ajiparatus, as also the testing 
machine, were made by JMr. P. Adie, and these appliances 
were speedily adopted by all cemeni. manufacturers as well 
as by most large users of cement, while this system of 
testing soon became the recognised plan of judging the 
quality of cement throughout the country. 

Tests made by Ordinary Workmen.—No difficulty 
was experienced in training an ordinary workman to carry 
out thc.se tests, and the process was found to answer well 
in the case of the 70,000 tons of Portland cement used 
during the construction of the first portion of the outfall works. 

Objections to Severity of Test by Manufacturers of Cement. 
—It seems now somewhat strange to reail that in the first instance 
objection was taken by manufacturers to the standard then proposed 
of 400 lbs. tensile strength to the 2J square inches, and it was urged 
that .100,lbs. would be the highest attainable strength in actual 
practice. It was soon found, however, that this was not an unduly 
onerous stijMation for the cemenUtrade, and indeed it shortly afterwards 
became possible to raise the tensile strength considerably. Thus the 
clause already given was amended, so that the tensile strength demanded 
was 500 lbs., and the contractor was compelled to keep in store upon the 
works “ a supply of cement equal to at least fourteen days’ requirements,” 
and with each delivery of cement he was to “send t* the clerk of the 
worxs a memorandum of the number of bushels sent in, and the name of 
the manufacturer.” . • 

Modification in Speciftcation about 18i6.— Vltimatyly, nbout 
1866, the clause was again amended, whjn it read as follows:—“The 



Kig. 47. 
Mr. Grant’s 
Original Test 
briquette. 
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whole ^of the oemej^ shall belPorl^and cement of the '/ery best quality, 
groi^.d extremely fine, weighing not less than 112 lbs. to the striked 
bushel, and capable of maintaining a breaking weight of 250 lbs. per 
square inch (562"5 lbs. on 2J square inches), seven days after being made 
in a brass mould, and imm^ersed in water during the interval of seven 
days. Tli^'aontrach'r shall at all times keep in store upon the works a 
supply of cement equal to at least fourteen days’ requirements; and witb 
each delivery of cement shall send to the clerk of works a memorandum 
of the number of bushels sent in, and the name of the manufacturer.” 

Tensile Strength again Raised before 1870.—Before 1870 the 
standard strength was again raised, and in the specifications for the 
Southwark Park and subsequent works it was stipulated that the cement 
should be “capable of maintaining a breaking weight of 350 lbs. per 
square inch” (787 lbs. on the breaking area of 2^ square inches), tested 
as before. Thus in a little over ten ye.ars the standard strength had 
been nearly doubled, and from the tables given by Mr. Grant it would 
appear that many samples were considerably in excess of the specified 
requirements; the Burham Company having supplied over 320,000 
bushels, showing an average breaking weight of 820-73 lbs. on the 2J 
square inches ; even these figures having been exceeded by certain other 
makers who furnished smaller quantities of the material. 

Cost of Cement Testing as Carried out under Mr. Grant.—11 is 
interesting to notice these facts a.s bearing upon the steady improvements 
made in the quality of Portland cement. Mr. Grant states that the 
entire cost incurred in testing the cement furnished during a series of 
years to the Metropolitan Board, during which period works to the 
value of upwards of j£l,200,000 were executed, was about five farthings 
per ton of cement. 

Defects in the Present Mode of Cement Testing.—It is some¬ 
what unfortunate that the tests first adopted in this country, and which 
have thus furnished the precedent for the majority of engineering 
specifications, from the fact of their being carried out with ngat cement, 
fail to accentuate some of the most im|)urtant jiroperties of this material, 
among others the power of binding together various propofdons of sand 
and other aggregates. The tensile strength, moreover, furnishes us with 
a knowledge of the behaviour of the cement under conditions which 
seldom or never come into play in actual work, and the stipulations 
respecting weight and fineness of grinding are somewhat loosely worded, 
in that they fall to indicate with sufficient jirecision the manner in 
which the weight is to be taken and the exact dagree of fineness to be 
attained in the milling, which latter can only J>§ shown by careful sieve- 
tests. 

Weight Test liable to Considerable Errors.—The mode of filling 
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the bushel measure, which is one unnecessarily lar^ for testing {ju^poses, 
js a matter of great importance. This subject was brought under the 
attention of the Institution of Civil Kngineers during the discussion on 
'Mr. Grant’s paper in 186.5, by Sir F. J. llijainwell. He stated that “he 
knew by experience that when dealing with granulated matter, it was 
almost iinpo.ssible, even with the greatest care, to^et inifortnity of con¬ 
ditions in the respective trials; that was to say, to get the .same amount 
of granulated material into a particular measure. In corroboration of 
this he would state the results of what he had<.ried lately. A quantity 
of cement was poured into a bushel measure by a man accustomed to the 
work, and struck oil’ level; it then weighed 107 lbs., exclusive of the 
weight of the measure. Then another portion of the same cement was 
poured slowly out of the sack down an inclined board into the bushel 
measure and it then weighed only 97 lbs.; he then had it shaken down 
in the measure and the weight then got up to 132 lbs.” 

Sir P. Bramwell proposed a Specific Gravity Test.—Sir F. 
Bramwell pointed out that “when it was found that with the same 
measure of capacity and the same material there could be a variation of 
from 97 lbs. to 1.32 lbs., he could not help thinking, if a test of gravity 
could be obtained which was not liable to these variations it would be a 
very desirable thing." He further stated that the weight test “ should 
be combined with that of sifting,” an axiom that subsequent enquirers 
have amply confirmed. He said that if this was not done, “ the require¬ 
ment as to weight was liable to act as a jiremium for coarse grinding.” 
In confirmation of this assertion ho adduced the following figures:— 
“ He had sifted through a sieve of 900 holes to the square inch, a certain 
portion of the cement which weighed, as before stated, when very care¬ 
fully put into the measure, 97 lbs., and when put in in the ordinary way 
107 lbs. to the bushel; those portions which would not go through the 
sieve were then poured into the bushel measure with the same care as 
that which made the unsifted weight, as previously stated, only 97 lbs., 
with this 4 !are the coarse weighed ns much as 101 lbs., and when shaken 
down hard into the measure 144 lbs., whereas the unsifted cement had 
weighed, as*before stated, only 139 lbs. He then took by themselves the 
fine particles which had passed through the sieve and they then weighed 
only 98 lbs. (93 ?), as against 97 lbs., and when shaken down 130 lbs., as 
against 132 lbs. for theanixed, and 144 lbs. for the coarse.” 

From these experiments he was led to believe that with the weight 
test, in its preseait form, “ there might and probably would be badly 
ground cement presefit in the mass.” 

Specifiq Gravity ascertained by Sir P. Abel.—From some further 
tests on this‘same cement Made by Sir F. AhSl at Woolwieh, it was 

ascertained that the specific gravity was 3’11, equal to a weight of 249 

' 
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lbs. p^'bushel, whicu would seem to show that if the cement could be 
obtained in a really solid form it would weigh 249 lbs. per bushel, th< 
observed difference being solely due to the voids. 

SpfaCifie Gravity Test not Suited for General TTse.—This sug 
gestion respecting a specific gravity test is a matter of considerabL 
importance, anc^ though this plan has received much attention from 
subsequent experimenters, it has never become popular, as it is rather 
too relineil a test for actual practice, as Sir F, Bratnwell himself, indeed, 
appeared to think. 

The specific gravity test, moreover, has been shown to fail to indicate 
reliably the degi'ce of calcination to which ihe cement has been subjected, 
and it certainly furnishes no guide as to the quality of the material. It 
has been pointed out by German chemists that Portland cement probably 
acquires its relatively high specific gravity before it is completely burnt; 
certainly before the stage of incipient fusion is attained, at which time, 
owing to the formation of a slag-like mas.s, we might have expected the 
molecules to be drawn together more closely, leading to an increase in 
density. We have given some figures relating to this test in the 
chapter on Cement Analysis, p. 90. 

Form of Early Test-Briquettes.—All of the earlier tests under 
Mr. Grant were conducted, as we have seen, with briquettes having a 
sectional area at the point of fracture of square inches. Mr. Uoid in 
his work on cemeius* takes the crect*t for having suggested the pattern 
first used; this was avowedly copied from French speciflcalions, which 
involved the use of a briquette of the shape shown in Fig. 47, the notch 
forming the neck to receive the clijis being cut out by hand from a solid 
casting after the lapse of a prescribed period of time. This must have 
been a somewhat clumsy plan, necessitating considerable waste of time 
and money, and it was, moreover, very liable, we should think, to lead 
to erroneous results in the tests, due to injury to the briquette during 
the cutting process. The French tests, on a sectional area of 2^ square 
inches, were of course based upon English measurements for the benefit 
of manufacturers in this country who at that period were ^lone able to 
supply the cement. * 

Proposal to increase the Sectional Area of Test-Briquette.— 
At the time of reading his first paper on the subject in 1865, Mr. Grant 
was of the opinion that it would be advisable "to modify the shape of 
the test-briquette and to increase the area at the point' of fracture to 2 
inches x 2 inches = 4 square inches, the new form of briquette proposed 
lor 'this purpose being shown in Fig. 48, with shackles made to fit the 

same. This new shape was, however, speedily abandoned in favour of 

< > 

. * The Science and Art of the Manufacture oj Portland Cement, ... by Henry 
Reid, G.B. London, 1877. 8vo. ‘ 
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_^that shown in Pig. 49. It will be seen ti>at the cffp in this ca^’e^'ssses 
'tsJroagh an aperture in the solit' ends of the briquette, small castings 
being inserted in each aperture so as to piovide a knife-edge beariujf for 
the shackles to strain against. These frequent changes of form, and the 
many efforts made to obtain reliable results in ^he eari,.’ history of 
^ement testing, are extremely interesting. 



Fig. 48. Fig. 40. Fig. 50. 

BriiiuettcwitliSoftioualAreaatBroaking Mcdifiecl Arrange- Improved 

Foint of 4 square inches. nicnt for Testing Pattern of 

Briquettes. Briquette. 

Influence of the Form of Briquette on the Tensile Strength.— 
In his second paper on the strength of cement, dated April, 1871, Mr. 
Grant gives a valnahle table which we here re'produce, showing the 
results obtained by the use of the various forms of briquettes employed 
prior to 1800, It will be seen that ten different patterns were tried, the 
best results being obtained with Nos. 2 and 3, and it was, therefore, 
decided to employ briquettes of the former of those shapes for all future 
experiments. Many of these patterns were tried in order to discover 
the best mode of avoiding any distortion or departure from the line of 
strain. The plan originally adopted with this object was that shown 
in Fig. 45, subsequently altered a.s seen in Fig. 49. It was found, 
however, th»t this modified arrangement frequently broke at the holes at 
each end, instead of at the neck, and it was in the attempt to avoid 
accidents of this kind that knife edges were inserted in the eye and pin 
at each end. The fiddle-shaped mould, No. 10 in table, did not break 
uniformly at tl^e neck, the slightest distortion causing it to break 
obliquely in a diagonal line. Distortions and irregiWar strains were 
uften caused by the slipping of the clips, or by the tendency of certain of 
’the clips to open when^ljjie strain was applied, and in order to obviate 
this thef clips«were strengthej;ied. The form firfjJ; usetj with |he sharp 
angles, shown in Fig. 47, often broke very irregularly owing to imper- 
ffictlons in thtf bearing surface of the clips, and this evil was reduced 
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to a i^idiiinum by rounding off the edges, as seen in the improved pattern, 
Fig. 50. 


Results of Experiments on difeerent Forms of Moulds. Weiuiit of Portland 
CeMEN^ USED, 114 LBS. PER BuSHEL. OCTOBER AND NOVEMBER, 1866. 
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Dimensions 
at Hreakini; 
Point. 

At 7 Days. 
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' 
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j 
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... 

1145-4 

509-0 


4 


i 

ditio 

918-9 

4^-4 


969-0 

430-66 

j 

S 



ditto 

924-0 

410-6 


967-0 

429-8 

>422 



kA 








6 


I 

ditto 

860-0 

382-2 


912-1 

405-4 


7 

a 

2"x2'' 

1199-2 

300-0 

\ 

1354-7 

330-7 


8 

) 

i! 

ditto 

1172-6 

293-0 

>297 

1315-1 

328-8 

>337 

9 

10 

. 

1 

o o 

1190-5 

1286-3 

297-6 

321-6 

1 .. 

1 

1371-2 

t> 

« 

1460-3 

342-8 

. fe-O' 
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New Shapo’of Briquette not a»Sucfes8.—A^jwill be evidjr^ from 
tjje table, none of the improved shapes tested about thi- ti it) gave 
results that were fairly comparative with those obtain'd vith the 
briginal pattern, and this form was ultimately adopted for all siib^quent 
tests, comprehended in the series covered fty Mr. Gram .s earlier papers, 
but in reverting to the use of the original clips, knWe edgesriwere inserted 
in the eye and pin at each end. 

Area of Briquette at Point of Fracture.—Following the precedent 
of the German e.xperimenters, the size of the iest-briquotte in common 
use in this country has in recent years 
been reduced, and it is now c\istomary to 
employ briquettes having a sectional area 
of only 1 squai e inch at the point of frac¬ 
ture. Mr. Grant in his paper on Portland 
cement, read before the lust, of Oivil En¬ 
gineers in May, 1880, gave some excellent 
instructions for the testing of cement, which 
we herewith reproduce, because his long 
experience entitles him to speak authorita¬ 
tively on this matter. He had by this time 
been converted to the value of the sand 
test and the use of small briquettes. The 
form employed by him in his later experi¬ 
ments is shown in Fig. .ol. 

Instructions for Preparation of Test- 
Briquettes. — The following were Mr. 

G rant’s instructions for making the tests;— 

Take enough cement to make as many 
briquettes of either neat cement or of 
cement with sand, as may be required. For 
neat, about 3'20 lbs. of cement will be 
required ‘to make ten briquettes of the 
smallest sife of 1 inch sectional area, and 
16 lbs. for ten of the larger sife of 2-25 « having 

square inches area. About 1 lb. of cement inch, 
and 3 lbs. of sand will make ten of the 

1-inch briquettes. 50j> grammes of cement, 1,500 grammes of sand, and 
200 grammes <Jf water will make ten of the German normal briquettes 
and allow for waste. ^ For testing the cement in different sacks, casks, or 
bins, a sample may be taken from each and numbered. For experiments, 
or to get wvjrages, th^ Samples may be taken in equal quantities from 
each and mixed. The cemSnt, unless it is gc#ng tef be ustd at once, 
ought to be spread in a thin layer on w slate or piece of wood, and 
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expo|e4^ to cool dry. air as ll.ng as may be neoes8ar5'. With newly- 
gronn'J and quick-setting cements it is important to ascertain that th^ 
are fit for immediate use. Two cakes of neat cement 2 or 3 inches in 
diameier, about ^ inch thick with thin edges, should be made, and thfi 
time noted in minutes thai they take to set sufficiently to resist an 
impression'or tfie finger-nail. One of these cakes, when hard enough, to 
be put into water and examined from day to day to see if it shows any 
tendency to “ fly," by cracks of the slightest kind, beginning, and being 
widest at the edges. With slow-setting cement, however, cracks on the 
surface, beginning at the centre, are merely the result of the surface 
drying too rapidly from exposure to a draught or to external heat. The 
other cake to be kept in air and its colour observed. A small quantity, 




which may be 1, 5, or 10 lbs., or 10,000 grains = 1^ lbs., to be sifted 
through the three sieves of 2,680,5,800, and 32,267 meshes to the square 
inch, and the proportion by weight that will not pass through each sieve 
tested. The cement should be weighed, using a filler of either an 
imperial busJiel measure; or a box of of a bushel capacity, which 
may be a cube of 6 inches by 6 inches by 6’16, or a' cylinder of 6J 
inches diameter and 6'684 inches in dejdh (see Figs. 52 and 53). The 
weight to be taken in lbs. and decimal parts. Ten briquettes to be 
made with one part, by weight, of cement to three of sand which has been 
washed, dried, and passed through a sieve df 20 and caught on a sieve of 
•30 to the lineal inch. Twenty more briquettes may be made of neat 
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oement, to be nested to strengtli aftM- seven e|fid twenty-ei^)i^ days 
yhe proportion of water (as of sand) to oe to the cement by weiglit, viz., 
Heat oement from 20 to 25 per cent, (or more) according to the fineness, 
the age or other conditions of the comcm and the temperature o^tiie air. 
With 3 parts of sand to 1 part of ceineni, 10 per cent, of the weight of 
the united cement and sand will, as a rule, serve. • SutHciiiiJ water must 
be used to make a stiff paste, but no more. When liement is new or 
hot, lightly burnt, finely gi'ouud, or made np in hot weather, it takes 
more water, but a very little more than is sufficient to make it into a 
stiff paste will sensibly diminish the strength. With 3 parts of sand to 
1 part of cement the quantity of water required hanyy varies from 10 
per cent. A number of pieces of wet blotting-paper, a little larger than 
the mould, one for each mould, may be laid on the slate or marble bench, 
and the moulds put upon them. The moulds are filled with a small 
trowel, and the briquettes made with the spatula (see Fig. 50), the mortar 
being beaten till all the air has been driven out and the mortar has 
become elastic. The surplus is cut olf level, and the surface left smooth. 
Br. Michaelis, of Berlin, recommends another system of making briquettes 
of neat cement, which, however, is not adapted for very quick-setting 
cements, nor for briquettes made with a mixture of sand. It is known 
as the gypsum-plate process. The cement is mixed with from 30 to 35 
per cent, of water, and poured into moulds resting on sheets of wet 
blotting-paper laid upon plates of plaster of Paris. The moulds are 
tapped or shaken. About 50 per cent, of the water is quickly absorbed, 
and, if necessary, more of the cement is added. The surface having been 
smoothed with a trowel or knife, the briquettes are dexterously dropped 
out of the mould. This process is a very quick one, and Dr. Michaelis 
claims for it that it leaves only the amount of water which is required 
by the cement for setting properly, and that greater uniformity is 
attained than by any other imocess. The briquettes can thus be made 
denser, taking more cement, and breaking frequently under a strain 
about ilP per cent, higher, or even more. The absorbent slab, he com¬ 
pares to the brick or stone with which mortar is in practice used. But 
to make "strong work with ceu»cnt it is necessary to soak with water 
bricks or stone before using them. No doubt, by long practice any one 
may produce uniform results by following this or any other process; 
but we have not succeeded in getting greater uniformity by this than we 
Have by the process first described. When the moulds have been filled 
the briquettes #re numbered, laid aside, and covered with a damp cloth 
till they have set*sufficiently to be taken out of the moulds. The 
briquetteg are then put on sheets of glass, or on slates, and laid in a flat 
box, having a cover lined with several layers o| linen, wooll|n, or cotton 
cloth, kept damp. In this box they ar§ kept until they have hardened 
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sufficiently to be putf into watl'K Tliis will vary from o!he or two hours 
to a ilajy or more; but for uniformity, unless in cases of specially slow- 
setting cement, briquettes of neat cement may Ix! kept for twenty-four 
hours, end those with sand for forty-eight hours, before being transferred” 
from this box to the shallow tanks in which they are to remain till the 
moment of lr''.sting. The numbers on the neat cement briquettes may be 
made with a sharp point or with a strong pencil, h'or the sand and 
cement briquettes, numbers previously written or stamped on small 
pieces of zinc will be fouirl more convenient. Tbe water and the testing 
room should be kept at a temperature as nearly uniform as possible, say, 
from 60° to 70°>F.ahronheit; but if the box and tanks, in which the 
briquettes are kept, be covered, moderate changes of temperature will 
not materially affect the results. 

It may be useful, especially at certain seasons, or in countries in 
which tbe temperature varies very much, to note the readings of the 
maximum and minimum thermometers. Seven, twenty-eight, or more 
days after the briquettes have been made, their tensile strength can be 
ascertained. In doing this as much uniformity as possible is to be 
observed in apjilying tbe weight slowly and gradually, avoiding all 
sudden jerks. The result for each briquette being recorded, the average 
is ascertained. 

The test with neat cement at the end of .seven days is of little more 
use than to show approximately, by comparison with the teats made at a 
later date, whether the cement has increased in strength. The later 
tests are of most value, and especially those made with sand. 

Appliances for Testing.—The apparatus and appliances which it is 
necessary or desirable to have for making tests and experiments are: a 
number of boxes about 4 inches deep, lined with lead or zinc, having 
loose covers, and a tap for drawing off the water; a similar box, which 
need not be lined, but the lid of which should be covered inside with 
several layers of coarse linen, woollen, or cotton cloth, to he kept always 
damp, and made to fit closely over the box; a number of pieces'of plate- 
glass or slates about 12 inches by C inches, or 15 inches by 8 inches; an 
imperial bushel measure; a measure of one-tenth of a bushel, either 6 
inches square by 616 inches deep; or, if cylindrical, G'5 inches in 
diameter by 6‘684 inches deep; scales for weighing a bushel or smaller 
quantities of cement, sand, or water; weights of various denominations, 
including a pound and decimal parts of a pound; 10,000 grains and 
decimal parts; funhels or fillers for the bushel and smaller measures (see 
Pigs." 52 and 53); brass wire sieves of 400, 900, 2,580, 6,806, and 32,257 
per square inch (the first two are used for sSifd, the la^tHhree for 
cement, an'dr correspond frith the sieves used in Germany of 400, 900, 
and 6,000 per square centimetre); ten or more gun-metal moulds for 
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making briquettes of I square inelt* secfjoiial ares#'(Fig. 51), ynsl, if 
^ r^;.jV)ired, similar moulds for briqusttesfl 1 inches by 1;^ inches =*2'25 
square inches; n'.achine for ascertainin': tensile strain (see Fig. 58, 
p. 225); a spatula (Fig. 55), with thin edges to the blade, weigliirg 7^ 
ozs., to be used for beating the cement and sand in the moulds; straight- 
edges for striking off the measure.s; a straight-bladid knife"fttr cutting 
on surplus cement in making briquettes ; one or two small trowels j two 
strong basins or mortars; maximum and minimum thermometers; 
blotting-paper; a graduated glass for water; saitid, washed, dried, and 
sifted through a 20, and caught on a .30 meshes to the inch sieve = 400 
and 900 per square inch, and forms for tabulating and registering results. 



Fig. 64.—Frame for Moulding Five J inch Fig. .5.5.—Spatula 

briquettes. for Cement Testing. 


Professor XJnwin on Cement Testing.—Profes.sor Unwin, in the 
course of a paper contributed to the Journal oj the Society of Chemical 
Industry in April, 188G, on this subject, points out that “ testing began 
with comparatively crude tests of the tenacity of briquettes or test-pieces 
of neat cement, which at first were made of an excessively bad form, and 
were seldom tested after more than seven days’ hardening.” He pro¬ 
ceeds to show that the defects of this plan soon became evident, and 
caused great differences in the apparent strength of the same quality of 
cement, in agcordance with the amount of water used in gauging, the 
pressure employed in moulding, and*so on. 

Tensile Strength of Briquette depends to some Extent on the 
Form.—Many different shapes were, as we have seen, employed, and at 
one time engineers vied* with one another in the invention of new 
patterns for the tiriquettes. As Professor Unwin says, “the influence 
of the form of the'briguette on the strength is considerable,” different 
briquettes of the same cement moulded in difl'erent forms gave results at 
seven days, fajging from ^80 lbs. per square inch to 460 lbs. on the 
same area. This question was* as already stated,’carefully invSstigated 
by Mr. Grant.. Even now, when engineert are fully informed of the 
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imjorliance of the^hape of t^e briquette and of the -wfde range in values 
arisihg from trifling variation? in the manipulation of the matgjaStT 
during the process of moulding tlie blocks, we are, at any rate in this 
country, still very far from the jmssession of any such generally accepted 
system of conducting the ^,esting process, as shall ensure uniformity in 
the results': JndeOd so many discrepancies in the procedure are to be 
found tliat it'is exceedingly difficult to get absolutely trustworthy coiii- 
parative tests. Professor Unwin refers to the cai-e and skill with which 
cements are examined, in the German State laboratories, and it must be 
remembered that, in many parts of the Continent, cement producers and 
cement users have combined to enforce the adoption of a uniform system 
of tests. 

Present Method of Testing Cements.—Cements are now generally 
tested, either alone, or mixed with certain proportions of sand, the latter 
tests being by far the most scientific and searching. We must remem- 
b(!r, moreover, that cement is tested for two entirely difterent motives:_ 

1. To ascertain whether it satisfies certain contract conditions and 
complies with definite standards laid down in the specification. For 
these tests the element of time is an important consideration. 

2. For scientific purposes, to determine its properties, its value as a 
constructive material, and the best methods of employing it. 

Engineering Tests of Cement. — Under these latter tests the 
engineer has, as far as j>ossihle, t</reproduce the exact conditions and ' 
surroundings to which the material will be exposed in practice, and his 
investigations must necessarily be continued for more or less considerable 
periods of time. lie must assure himself by protracted tests that the 
cement is a binding agent that may be relied upon for all reasonable 
periods. The classes of tests which satisfy the first of these requirements 
are from, the very nature of them imperfect and unsatisfactory, and 
incalculable injury has been inflicted upon cement users in the jiast, 
because every efiort was made to produce materials capable of giving the 
best results under these commercial tests, and over-limed coarsely ground 
cements were preferred to those which, under a more scientific system 
of testing, would have established their undoubted superiority. In 
this connection Professor Unwin declares that “the great progress of 
the cement manufacture in Germany, and the production there of 
cements stronger in test and of more value in the market than English 
cements, is to be traced directly to the adoption of more rational tests.” 

Pallftoies ifa the Method of Testing.—A cetsent employed con¬ 
structively is only in a very few exceptional ca^es used in tension, but 
all our English tests would seek to establish 4cs quality by its power of 
resisting tensile strain. We never, extept as a stucco, use Portland, 
cement neat, but it is by the examination of a briquette of neat cement 
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that we too often heek to ascertain itsKjiial'Xv- We invariably al^oir an 
r^’erval of weeks or months to elapse jbefore we submit our brickVork 
or masonry to severe stress, but our judgment is in most cases pro¬ 
nounced upon a sample of cement by its behaviour after a seven or at 
most a twenty-eight days’ test. Our walls And buildings have to stand 
the strain of exposure to sunshine and shower, to lihat apd'cald, and to 
eVery change in the weather, but our cement-tests are carefully kept at 
one even temperature in a “ waoer-batli.” 

Conditions under which Cement is Actjially Employed.—As 
Professor Unwin remarks, “obviously the ordinary tests are empirical, 
and may be misleading. Almost every circumstance which markedly 
affects the strength of a small briquette, tested neat and soon after 
settiijg, produces a less efl'ect on the strength of a mass, mixed with 
other materials, and tested after a longer interval of time.” 

Qualities needful in a Cement.—He proceeds to show that “ the 
constructional value of a building cement depends on two quite distinct 
elements—on its power of setting into a rigid form soon after it is 
gauged, and on its power of attaining in course of time a considerable 
strength.” We may take it for granted that no manufacturer of 
Portland cement at the present time would think of sending out a 
material incapable of satisfying the former of these requirements, though 
^ wo must admit that hot over-limed cements are still occasionally met 
with which will set well enough for a day or two, but eventually go 
abroad even in the short space of the seven days’ test. Such oases are, 
however, rare. 

'The Induration of Cement takes place according to a Uniform 
Law.—When ample time can be devoted to the study of the quality of 
any given sample of cement, and when we can note its behaviour through 
a long series of months or years, we shall find, as Prof. Unwin has 
remarked, that “ beyond the first week, and up to the period at which 
the full strength of the cement is reached, the rate of hardening follows 
approximately a very simple law.” The factors may be arranged in the 
form of a readily intelligible formula, the constants of which clearly 
indicate the character of the cemenf. 

“ Let X be the number of weeks during which a test-piece has been 
hardening. Then the strength y in lbs. per square inch at that age is 
given very approximately by the equation- - 

^ y = a + b {x - 1)" , 

where a is the styength at seven days, and 6 and n are constants 
depending on the rate of*g&.in of strength with age. 

“ For all tension tests of "Portland, n may Ite taken as one-third. 
For ordinary Ijmes it has a larger value# For compression testa of 
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comparatively largfj Weeks df PoJtland, n is one secolid; consequently, 
two tests of a cement at diffefent ages determine the remaining p«<f 
stants of the formula.” 

Tihe Professor states that the curve given liy this formula reconcifes 
the anomalies which must Always oiour in tensile testa, and produces an 
average of the.8omdwhat discordant results. He finds by its application 
that neat cement tests attain their full strength in three or at most four 
months, while sand tests increase regularly in strength for two or three 
year.s. On working ot t the results from a long series of tests by Mr. 
Grant, he obtained for neat cement and cement mortar (Ic + Sj!) the 
following results:— 


Te.sts or Biiioi'ETTEs or Neat Ceme.vt and I Cement to 3 Sand at Different 
Aces of Hahdenino in Pounds per SijrARE Inch. 



( 

1 NE.AT (.’BMENT. 

1 Cement td a Sand. 

AflE IN 

1 




i Observed. 

(.'alculated. 

Obser\'ed. 

Calculated. 


1 

1 363 

363 

157 

157 

4 

1 41,5 

431 

202 

214 

13 

470 

471 

244 

241) 

26 

1 525 

500 

285 

274 

39 

i 512 

621 

307 

292 

52 

517 

■AS 

.320 

nof) 

104 

i 590 

589 

.351 

345 

ir)G 

' .585 


350 

372 


Specific Use of Prof. TTiiwin’s Pormtila.—Tn the foregoing table 
the value of a in the case of the neat cement is of course 363, and in the 
case of the sand mixture 167 : the complete formula being— 

cfmmit, } 2/= 363 + 48 

MoHar, } 1/=157 + 40V-^ 

In the graphic diagram for these two substances, on the next page, 
the actual tests are indicated by dots, the calculated curve is shown by 
the bold line. 

By the application of this same method in the case bf coarse and fine 
grinding, and for various qualities of sand. Prof. Unwin shows how the 
■ formula is aft'ected by each difierent set of conditipns. There is no 
doubt that for careful and comparative tests oV Cement the applipation of 
the gra^iic mefcod iS of great important, and we commend to all who 
..are interested in cement tests this very valuable and thoughtful essay. 
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No Beflnitei Limit can be .issi^ned fog tbo Poriodj of 
L'^uration.—It is impossible to assig^ a fixed limit to the duivition 
of the period within wliieh neat Portland cement may continue to 
inerease in strength. Some cements appear to show a slight increase in 
this respect up to five or six years, ^mt thcio cases are exceptional, and 
in most dense well-made cements the induration has reached itsjnaximum 
iR under two years. After this period the briquettes i.i certain cases 
fall back slightly in tensile strength, as if some physical change took 
place in the structure or arrangement of the particles. Such decrease 
rarely exceeds 10 to 15 per cent, of the maximum strength. 

Value of Long-extended Tests.—It is interesting and valuable to 
possess records of such protracted tests, and to know the exact composi¬ 
tion of the cements with which they were carried out, as it is only by 



Fig. 56.—Tensile Strength of Cement and Cement and Sand Mortar. 

the tabulation of numerous experiments and the comparison of a large 
number of analyses that wo can hope to acquire any accurate knowledge 
of the somewhat obscure changes Vhich are slowly effected in the course 
of induration. 

Series of Tests of Warwickshire Cement.—We might multiply 
examples to show this.process of “going back” from previous works on 
cement, but we’prefer to adduce a few original and reliable tests to 
illustrate our meaning. The following experiments exemplify this 
process in a very remarkable way. They were carried out by one of the 
authors,with some Warfrfekshire cement in 1888. 

The sample in question w4s burnt extremely hard, amd wasiof a dark 
blue colour. It was ground so that it all passed a 60 x 50 mesh sieve. 
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CifsMicXL Analysis. 


InHohible residue, 



4-557 


Silica, 



. 16-865 


Ferric oxide, 



4-831 


Alnriiina, . 

. (i . 


6-360 


Manganese ox^de 



. trace. 


Lime, \ . 



. 62-507 


Magnesia, . 



2-365 


Sulphuric acid, . 



1-589 


Polash, 



-976 


Soda, 



-527 


' 

'I’otal, . 


. 100-577 



Tests of the 

tnovE Ckment. 



Keat cenioat, water J6 per cent. The mixture set slowly. 


7 i 

days. 

90 (lays. 

650 days. 


! 

Lbfi. i 

Lhi 

l.tlS. 

Lbfl. 


515 > 

650 

710 

695 


fiOU 

630 

700 

670 


m 

030 

730 

6S5 


G()0 

650 

800 

660 


(550 

050 

7K0 

655 


«3» ; 

600 

e • 750 

685 


630 

570 

700 

060 


050 

000 

■ 790 

655 


015 i 

020 

750 

705 


090 i 

620 

S15 

675 



Average of 10 tests. 



013 

625 

704-5 

674-5 



Cemenfc'l piirt, standard (Leighton Buzzard) sand 3 parts by weight, water 
10 per cent. 


7 days. 

28 days. 

90 days. 

65(f (lays. 

LIih. 

Lbs. 

• lbs. 

« 

Lbs. 

185 

205 

220 

310 

200 

210 

215 

290 

200 

220 

200 

305 

200 

215 

205 

335 

195 

200 

215 

, 300 

210 

215 

205 

295 

200 

225 

230 

, 300 

210 

205 

200 1 

240 

• 195 

225 

215 

, 325 

200 

205 

240» . 

^ .325, 

■# • 

• Avei 

ages. 


199-6 

212-4 

214-5 

302-6 
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Indtirati4.-,In t).e alj^ve tests it will.be 
^fved that the values for the neat cement indicate a decided falling 
off between the 90 days’ test and that at 550 days, and all observers 



in^rt,^ T T experiments will have noticed the 

intervention of such a critic^ period generally ’,iefore.the erd of the 

econd year, especially m very dense cements. No such decrease in 
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Btr|ngth is apparent in th^ s^ijj tests, and it is {^obable that some 
molacular changes occur durin;^the induration whicli are not yet under* 
stood. This critical period does not always occur after the same interval, 
and^it varies in accordance with the composition of the cement, the 
temperature at which it liws been ^red, and the degree of density that it 
has attained. A yell-known writer on Portland cement has attempted 
to explain aw.iy this falling off in strength and to attribute it solely<;o 
carelessness in testing. He even says concerning some breaking weights 
which indicate just such a diminished strength—“ It is to be hoped that 
no more of these records of questionable value will be published, for 
th(ur misleading and uncertain character has already created too much 
scepticism on the possibility of cement improving in value." 

Oertnan System of Cement Testing.—We have referred more 
than once to the German system of testing, and we give in the case of 
slag cement a translation of an official report on a scries of experiments 
conducted with that material. In A]>pendix C will be found a full 
translation of the Ilegulations under which such standard tests are 
conducted. We herewith reproduce an illustration of the testing appli¬ 
ances used in Germany and Austria for these official tests (see Fig. ST). 

The Adie Testing Machine.—One of the oldest and best-known 
cement testing machines in the market is that made by Mr. Patrick 
Adie, The Broadway, Westminster. It is used by many Government 
departments, and has long been c^ttsidered the standard apparatus in' 
this country. The maker states that hi.s chief aim in the construction of 
his machines has been to secure the most accurate and undeniable results 
with absolute permanence and non-interference of the hand of the 
operator; thus, all springs and screws are dispensed with, and the 
simple steel lever, and vernier (with weight attached) travelling on 
rollers, is adopted. The vernier is caused to travel along the lever by 
means of a cord, passing over pulleys fixed to the standards, and thus all 
need of applying the hand to the lever during the progress of the test is 
avoided. In order to make this more unquestionable, in addition to the 
speed-reducing wheel and pinion, a patent automatic regulator can be 
added. As there are no compound levers, spring balant-es, or other 
appliances liable to give a multiplied error, or to be in any way uncertain 
in action or unreliable in results, this machine has everything in its 
favour, and compares well with other forms of testing apparatus. We 
illustrate the No. 2 machine of Adie (see Fig. 5B), made with automatic 
regulator, but a. some what simpler form of machine can also be supplied. 

. The Goreham Flourometer.—This is a simple piece of apparatus 
for separating from a sample of cement all the, very fifiest particles (flour), 
and for-estimating tjie relative proportipns between fine and coarsely- 
ground material. In using the flourometer, a fixed quantity of-the 
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ce neat to be tested is f’aoed in a sji^ial receptacle, and air is forcibly 
ariven through it, wliich causes the (tnD at flour separate fiaa.: the 
residue. All those particles which are sufticiently light are carried 
t|Jirough the upcast tube, and then sink lo the bottom of the settling 
chamber. When all the flour has thus be6i,,fiX])elled, the residue, which 
consists of the coarser particles, is weighed, and tlj,e diffhr -nee between 
^he weight of the residue and the weight of the entire sample indicates 
the amount of the flour, vdiich latter can readily be expressed as a 



Fig. 68.—The Adie Testing Machine. 


percentage of the whole amount. A good sample of cement should yield 
from 40 to 50 [ler cent, of flour by this test. The War Office authorities 
sp«!ify a minimum of 45 per cent. It is asserted that this test is much 
more reliable th^ the sieve-test, and that no cement which yields less 
than 42 per cent, of flbur will show good results in practical work. 

The apparatns“consisis of an aerometer for providing the necessary 
supply'of an* at any desired pressure, and the ^ourogieter itself, with 
which the separation is effected. The weight of cement to be used for 

16 
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eaohrtest (preferably 40 gramp'es^ is placed in a glaes vassel provided for 
the purpose, and the rubber i'ub'. connected with the aerometer is then 
attached. Each test requires about 45 minutes, and the inventor 
reconvmends that the resulting flour should be examined under the 
microscope, and also tested" by rubbing it on a piece of glass with a 
palette kn'fe, to see-that it is not gritty. Unless care is exercised in 
carrying out thO test, it is possible that all the flour may not be entirely 
removed from the sample, or that a little of the residue may be carried 
over into the settling chamber. This apparatus is, however, undoubtedly 
capable of furnishing useful and reliable information respecting the 
quality of ceme,nts. 

Arnold’s System of Cement Testing. — A method of testing 
cement, devised by Mr. Arnold, deserves passing mention, as it no doubt 
eliminates some of the imperfections in our present system which arise 
from the dilferences in handling which it is impossible altogether to 
avoid. It is well known that one man will get re.sulta some 10 or even 
20 per cent, better than another with the same sample of cement. Mr. 
Arnold’s method consists in filling the mould for the tost briquette with 
a proper quantity by weight of the dry neat cement, which is then 
consolidated under a screw-press, resembling in construction an ordinary 
oflioe copying-press. The i)late on which the moulds rest has shallow 
sides, thus making it a bath. After removal from the press, each mould 
having been separately pressed, the ,bath is filled with water (when full 
it contains a dep'h of about of an inch ), and the moulds stand therein 
for twenty minutes before removal. The moulds are made deeper than 
is required for the section of the briquette. Metal dies which exactly 
fit the mould are placed upon the top of the cement before it is inserted 
in the press, so that when the die is properly pressed down, its top is 
level with the top of the mould and no further compression can take 
place. Thus a uniformity of pressure is insured in the case of each 
briquette moulded from the same sample of cement. In order to avoid 
difference arising from varieties in the bulk of different q,ualities of 
cement, it is pointed out that dies of various thicknesses can be used. 
It is claimed for this system of making briquettes that much greater 
uniformity is attained than by the plastic method, that the services of 
an experienced man are not required, that the requisite amount of water 
and no more or no less is used, and that air bubbles are entirely avoided. 
The patentee states, moreover, that the evidence of a blowing cenient 
will be noticed in 24 hours after moulding the briquettp, and that owing 
to the absence of disturbance, after admixture witii water, any particles 
of free lime present are invariably detected at the point of fracture: 
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CHAPT^ER X%'T. 

ACCELERATED TESTS FOR CONSTANC/ OR VOtUME. 

CONTKNTS.— Reasons for sneh Testa—Tlie Oriain of the Boiling Tost—Tests by 
Tetmajor — Maelay — Erdmonger — Brassing Heintzel — Faija — Results 
obtained by Acoelerated Tests—Verdict in Germany and America as to the 
Value of these Tests. 

HeaBons for such. Tests.—A desire has constantly been expressed by 
cement users from the earliest period when cement became subjected to 
regular tests, for some more rapid meaus of ascertaining the reliability of 
the material than the ordinary tensile tests carried out ■with suitable 
briquettes at fixed intervals spread over a considerable period of time. 
The announcement, therefore, of the discovery of a method of forming an 
opinion concerning any sample of cement in a few hours was hailed with 
satisfaction, and the new tests ■\v ere widely accepted by engineers and 
manufacturers, without any very searching enquiry concerning their 
practical utility and value. 

Th© Origin of th© Roiling T©st,—^iVe owe the boiling test in its 
original form to Dr. Wm. Michaelis of Berlin, who, some thirteen or 
fourteezi years ago, described a system of dealing with cement samples in 
the following way60 grammes of the material to be tested were made up 
with almut 13 to 15 grammes of water to a paste of normal consistency, and 
thoroughly worked with the trowel for about one minute, to expel air- 
bubbles. The cement mortar was then spread in pats on glass plates, 
the pats wore to be about 1 centimetre thick in the centre, and to bo 
thinned out all round the edges in the usual way. The pats were 
allowed to set for 24 hours in a covered vessel in an atmosphere satur¬ 
ated witliMnoisture or steam vapour. They were then introduced either 
while still on the glass jilate or after being detached from it into a water- 
bath; the water was at first quife cold, and just sufficient water was 
used to cover the pats completely. The water was then slowly raised to 
the boiling point in about ten minutes, and maintained at boiling tem- 
jieratye for three 1io;ot-8, after which the pats were Uken out and 
examined. If Any extra water was neeued to maintain the level in the 
water-bath, it w* tj be added in small quantities at a time, and as 
nearly at the boiling temperature as possible. A sound cement would 
stand tjiis test withoutf «ny sign of cracking, and become considerably 
harder for the boiling, while <t was contended thtrt a treacheries or un¬ 
sound cement ^ould either crack and fall to pieces in the bath or it would 
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go alirot^d (i.e., crunjble) intoftnull. Sundry slight modifications in the 
procedure have been proposed, i’hus, the sample pats were directed to 
be made up on moistened blotting-paper, placed on a glass plate, and 
allowed to set, after which the blotting-paper was removed and the teste 
were conducted as before. ' ^ 

Tetmafe'r’s, Test.—Professor Tetmajer advocated a very similar 
plan of conducing the experiment, only ho employed the cement made 
up into little balls about 2 inches in diameter, and of such a consistency 
that they could be pattei'l down on a glass plate and flattened out by the 
pressure of the hand into circular pats, free from cracks. The pats thus 
prepared were .to be kept in a damp atmosphere for 24 hours and were 
then placed in a cold bath, which was brought up very slowly (in 1|^ 
hours) to the boiling point, and boikid for six hours continuously. 

Maclay’s Test.—Maclay proposed a modification of the Tetmajer 
test for use in America, and he employed four pats of neat cement, made 
up on glass plates with water into a very stiif consistency. These pats 
were to be about .',-inch thick and 3 inches in diameter. One of these 
pats was to be ))laccd, directly it was made U]), in a steam oven at 
90° to 95“ Centigrade. The second pat was to be placed in the oven 
when it had become set hard enough to resist penetration by a normal 
test-needle, loaded with a weight of 1 pound; while a third pat was to 
be allowed double the setting period indicated by the previous test 
before being introduced into the oven. The fourth pat was only placed 
in the steam oven after 24 hours. The four pats remained in the steam 
oven at the temperature indicated for three hours, and they were then 
placed in boiling water for 21 hours, when the test was comjdete. If 
the cement is very defective owing to excess of free lime, improper 
burning, or other causes, the trouble generally shows itself in the 
cracking or distortion of all four pats. When the cement is not so bad, 
the cracking and swelling takes place in the first three pats only, and 
when the cement is still less defective only the first two pats crack 
or swell. Failure in No. 1 pat can, as a rule, be disregarded- For Ihe 
United States Army Department tests the boiling is to last for six 
hours. “ *■ 

Erdmenger’s Test.—Dr. Erdmenger was in favour of an even more 
severe test than simple boiling, and lie has arranged a special apparatus 
in which the samples of cement can be boiled under a pressure up to 
40 atmospheres. Dr. Michaclis has also designed a similar apparatus 
for subjecting samples of cement to boiling under pressure, and he recom¬ 
mends that the test should be conducted at 4.50' lbs. per square inch- 
Certain, Interesting results with respect to tJie induratiop of cements 
have beep studied under these very severe,conditions, but'it can scarcely 
■ be maintained that tests of, this rigid kind should be imposed upon, 
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all cements, forfmany materials wliichBiave been found to give excellent 
results in practice have failed entirolylunder these Onerous condfit'ons. 

Prussing’s Test.—Some of the special accelerated tests invoice the 
treatment of cement by processes which would appear to be verj unfair 
to this material from the point of view* of chemical action and the 
generally-accepted theories of induration. Thus Pjiussing .ti^vocates that 
*100 grammes of cement should be made up into a paste»with from to 8 
per cent, of water, in accordance with the fineness of tlic grinding, and 
very intimately mixed ; indeed, he specifies rulibing the mixture through 
a sieve having 120 meshes to the square centimetre, after which it is to 
be spread uniformly into a mould and stamped into cake in a press 
at 50 atmospheres pressure. Two such cakes, directly they are taken 
out of the moulds, are laid on a glass ])late, and are placed in a box 
where they are protected from evaporation. They remain for 24 hours 
to become set, and are then transferred to a vessel of cold water. One of 
the cakes remains under water for 28 days to indurate, and the other is 
taken out in two hours’ time, and, if it is uninjured, it is placed in a 
water-bath at a temperature of from 90° to 100° C. If, after remaining 
four hours at this temperature, the pat is still uninjured and free from 
cracks, the cement may be pronounced s.afe under all ordinary circum¬ 
stances, but it is usual to let it remain for twenty hours longer in 
the water-bath at the boiling point. It is to be regarded as entirely 
reliable and especially sound and good if it stands this treatment. 

The Heat Test of Heintzel.—Certain of the tests appear to be 
somewhat whimsical and fantastic. Among these we may mention the 
red-heat test, under which a ball about 5 centimetres in diameter, 
formed of neat cement, is moulded in the hand, and the quantity of 
water necessary, which may be about 20 per cent, of the weight of the 
cement, is found to bo that which will slightly soil the hand, but will 
leave the, ball capable of being jiressed into shape while being handled. 
With quick-setting cements rather more water is needed; thus, taking 
300 grtynmes of cement, up to 02 or 63 cubic centimetres of water may 
bo employed with advantage. The ball, when ready, is laid on a plaster 
of Paris*slab for about five mmutes, or so long that it will no longer 
readily mark with the finger-nail, and it is then placed on a thin iron 
plate or on a wire triangle, and is su|)ported over the flame of a Bunsen 
burner. The point of the flame must at first be kept well below the 
^est, for if heat is applied too rapidly, little splinters, due to the steam 
evolved by tin* moisture in the ball, will be thrown off. As the ball 
dries, the flame is (Srought nearer and nearer, until it entirely surrounds 
the'ball, and tins maj* take place in about half an hour. During the 
second halt hour the bot^m of the ball attains a dull red heat, and a 
plate of cold glass held above it ceases^to show any condenlation due to 
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escaping moisture. The test m t ien comiJete, ind if t^ie ball remains 
sound, yvb cement mi/ be pronou ced to be of excellent quality. This 
very stringent test was devised by Heintzel, but it has never been very 
widely employed. 

There are several varieties of th^se tests, some of them requiring 
considerable^skill in inducting them, and this would therefore render 
them rather unsiiitable for uniform tests. 

Paija’s Test.—Several forms of the hot-water test have been carried 
out in this country, but perhaps that of Mr. Paija is most widely known. 
It is based on the principle that moist heat accelerates the setting of 
cement; and it is asserted with some good show of probability that 
boiling means seasoning, and that a few hours in the water-bath at the 
boiling point are equivalent to as many days in damp air under ordinary 
conditions. The ajiparatus for conducting the test consists of a covered 
vessel in which water is maintained at an even tem])erature ol from 110° 
to 115° F.; the space above the water is therefore filled with the vapour 
rising therefrom, and is at a temj)eraturc of about 100”. Immediately 
the |iat is gauged, it should be placed on the rack in the upper part of 
the vessel, and in five or six hours it may be placed in the warm water 
and left therein for nineteen or twenty hours. If, at the end of that 
period, the pat is still fast to the glass, or shows no signs of blowing, 
the cement may be considered perfectly sound; should, however, any signs 
of blowing appear, the cement should l»6 laid out in a thin layer for a day 
or two, and a second pat made and treated in the same manner, as the 
blowing tendency may only be due to the exti^eme newness of the cement. 

Practical Eesults of Accelerated Tests.—As the result of the 
methods under which these accelerated tests are conducted, it is generally 
assumed that their effect is to indicate constancy of volume or “sound¬ 
ness,” but it will readily be perceived that this docs not necessarily follow. 
Many samples of cement which are found to give excellent results in 
practice, when made up with sand in the usual way, are reduced to 
mud, and lose all traces of cohesion under the boiling test. It ;uust be 
remembered that all these heat tests expose the sample of cement to 
highly artificial conditions, and to such<as would certainly not‘oe found 
in the natural use of the material. They are in fact, many of them, so 
radically different from the conditions experienced by mortars or con¬ 
cretes in ordinary engineering practice, that it is safe to say that the 
results they yield can only be regarded with considerable sospieion. Afl 
the circumstances, moreover, which tend to accelerate the chemical and 
physical processes of induration in the natural use of the material, can 
hardly fail to be distorted and interfered with by the application of rkpid 
heat and the emplo^men^ of the boiling process. In an idedi system of 
acceieratmn,^the aim should be to make use of procedures which differ as 
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little as possible,from toe circumsus -ices v^otending the use of cement in 
the usual methods of engineering practice. It is liAdly possible^o con¬ 
ceive that the heat teat, for instance, of Heintzel could prove otheryrise 
than injurious to a slow-setting cement; and, if the induratiosi of a 
cement is to any extent due to a process iof crystallisation, prolonged 
boiling would certainly be most inimical to a satisfactory i-isn^. 

Verdict in Germany.—The German Union of Ofeuient Manufac¬ 
turers, when these testa were introduced, took measures, by the 
appointment of a Commission, to ascertain bo^s far the practical results 
of employing cements in construction coincided with the verdict of the 
laboratory and the outcome of the accelerated tests. Fsom an excellent 
report by Mr. Gary, who represented the laboratory in the work of the 
above Commission, we gather the following facts 

Cements, none of which would pass the boiling test, were procured 
from ten different manufacturers in various parts of Germany under 
conditions affording entire secrecy. As soon as they were received they 
were submitted to tests in three different laboratories, and portions of 
each were also used in the preparation of cement wares, to be exposed to 
the weather. 

Though the figures representing the laboratory results varied some¬ 
what considerably under the hands of the several experimenters, the 
general results were easily reconcilable, and were upon the whole satis¬ 
factory, while the practical (ixamples from the workshop, consisting of 
medallions, rosettes, and pipe caps moulded in cement, with the excep¬ 
tion of a few unimportant cracks round the rims, set hard and stood 
well under exposure to the weather. Apart from the fine hair cracks, 
all the objects, after more than two years’ hardening, were pronounced 
“still sharp cut and in good condition.’’ 

American Account of Accelerated Tests. — A writer in the 
Emjineering Keewd draws the following final conclusions from the above 
report:—“ The result of the investigation may, therefore, be summed up 
as determining that not one of the so-called accelerated tests for constancy 
of volume is adapted to furnish a reliable and quick judgment in all cases 
concerning the practical applicability of a cement. The investigation 
has further proved that all the cements which withstood the pat test in 
the normal system of testing are practically constant in volume when 
u^d in test-pieces and in cement wares. The increase in strength of the 
test-pieces with water- and air-hardening speaks well for the practical 
utility of the cements. 

“ The assertion quoted early in the report that the normal or standard 
tests v®>'e.insulBcient,*ifhrticularly when the cement is to be hardened in 
the air in its practical application, has receiv^ no (jonfirmation by the 
investigation of the Commission.” 
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CHAPTER XVIT. 

THE EMPLOYMENT OF SLAGS FOR CEMENT MAKING. 

Contents.—S lags,used for Adulteration—I)r. Micliaelis on Slag Mixture—(bm- 
position of Blast Furnace Slags—Uniformity in Composition of Slag—Slag 
Cement as a Kiln Vroduot—Prodiietion of Slag Cement—Paasow’s Process— 
Bossc & Woltera’ Process—Snelua’ Process—Necessity of Fine (Trinding— 
Properties of Slag Cement—Storage—Chemistry of Slag Cement—Otlic 
Considerations Involved—fiermaii Tests of Slag Cements. 

Slags sometimes used for Adulteration.—The days have now gone 
by, we may hope, when slags of all kinds are regarded with suspicion by 
cement users, owing to their occasional employment for the adulteration 
of Portland cement. It cannot be denied that for this purpose certain 
varieties of iron slag were extremely well adapted, since they approxi¬ 
mate so closely in colour, weight, and com]iosition to the cement itself 
that their presence could be detected only with difficulty, even by means 
of delicate chemical tests. 

Nature of Slags used to mix with Cement.—The slags used for 
fraudulent additions to cement were generally those which hail a ten¬ 
dency to disintegrate on exposure to the atmosphere, and which go 
abroad— i.e., crumble—naturally into a bulky gray powder, having at 
times an astonishing resemblance to Portland cement. The fact of this 
spontaneous disintegration would seem to argue that some change, either 
of a physical or chemical nature, took place in consequence of atmo¬ 
spheric action; probably these varieties of basic slag werr- selected 
chiefly because a powder could be obtained from them by mere sifting, 
without the expense and trouble of grinding, which is no easy'matter in 
the case of the dense inert slags. 

Dr. Miehaelis on Slag Mixtures.—It is necessary that we should 
here allude to the opinions of Dr. Miehaelis with respect to these 
admixtures of slag, for he has proved that with selected slags, used even 
in such large quantities as 30 per cent., it is possible to«dd considerably 
to tlie tensile strength of cement, both when tested neat and with the 
usual quantity of normal sand. He has, in Ms open letter of, 1884, 
claimed that it is ,to th^ advantage, both ofrthe user and of the manu¬ 
facturer, that these mixtures sljould be permitted. 
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Some Slags macted upon by Illistjire or by the Atmosphere. 
—Oi rtaiii varieties of acid slag v'ould them to be vmry little affedC'Hi by 
air or moisture, and remain for years cni the spoil-banks with arise.^ as 
sharp and clean as they were upon the day when they were tipped. 
Doubtless it was the ajiparent ineiiness oi* these materials which led 
experimenters to form the opinion that it was impossibly to j/ee them in 
cement-making, for the great similarity in composition of some descrip¬ 
tions of blast furnace slag with the clinker of Portland cement must 
have frequently cause.d attention to be directed to this material, in order 
to find a possible use for it as a cement component. 

Slags Produced at Extreme Temperatures.—It»must here be 
remembered, however, that the temperature at which slag is produced is 
greatly in excess of that needed to prepare Portland cement clinker, 
and, moreover, that in the case of the clinker too high a temperature in 
the kiln, resulting in complete fusion of the mass, leads to the formation 
of a blue-black glassy substance (slag), which, in consequence of its 
vitrification, is of little practical use for cement. The analogy of the 
two processes would again deter the investigator from further attempts 
to employ slag in cement-making. 

Admixture with liime in Blast Furnace.—Certain inventors have 
not been deterred by the high temperature of the blast furnace, and have 
attempted to prejiarc a suitable slag by the use of such proportions of 
limestone as would produce a slag having a composition resembling that 
of cement clinker in the furnace itself. It was found, however, on actual 
trial, that with these high percentages of lime the heat was not sufficient 
to efi'ect complete fusion, and the smelting of the iron ore was imperfect. 
It is essential for fluxing purposes that the slag j)roduced should be 
extremely fusible. This pro))osed combination of cement manufacture 
with iron production was therefore abandoned. 

Composition of Blast-furnace Slags.—A glance at the annexed 
table will show that many iron slags contain all the essential ingredients 
of Portland cement, though in none of them are they present in the 
same proportions as those selected by the cement maker. In almost 
every case* there is a marked deficiency of lime, and nearly all the 
attempts made to utilise slag have involved the addition of lime in some 
form or other to the slag in a finely-divided state. 
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Analysis oi VabjouJ Sla«s* from jEON A\})eks. 


-^^-f 

‘ Lofulity. 

« 

1 

Silica. 

Alumina. 

Lime. 

Iron,^ 
Alkalies, 
Sulphur, <£«. 

f 

1. Staftbnl^iiire, 

2. SoutJi Wales. 

1 

41-99 

23-27 

31 -62 

3-21 

4-i'84 

28-84 

26-13 

2-11 , 

3- „ ... 

32-30 

15-70 

44-80 

7-20 

4. Yorkshire, 

39-47 

23-60 

32-12 

4-75 

5. Lancashire, 

33 •49 

10-12 

46-97 

8-54 

6. Staifordsliirc, . .« 

49-05 

10-84 

34-33 

5-78 

7. Warwickshire, . 

41 -30 

16-20 

40-80 

2-70 

8. 

30-30 

13-86 

30-49 

9-76 

9. Scotland, ' . . . 

.32-10 

24-28 

35-43 

8-10 

10. Nottinghamshire, 

32-18 

31-50 

33-05 

3-27 

11. Lancashire, 

38-08 

13-13 

45-82 

2-37 

12. Cumberland, 

34-00 

15-10 

47-20 

3-70 

13. Derbyshire, 

39-24 

23-04 

32-06 

5-66 

14. „ ... 

40-00 

11-50 

40-60 

7-90 

15. Lincolnalure, 

32 86 

21-88 

40 34 

0-12 

16. „ ... 

17. Northamptonshire, . 

31-37 

19-69 

40-23 

8-71 

39-06 

21*54 

37-10 

2-24 

18. North Wales, 

31-28 

12-41 

46-10 

10-21 

19. Newcastle, 

20-37 

14-42 

48-84 

10-07 

20. ,, ... 

:i4i5 

16-68 

43-39 

5-78 

21. „ ... 

22. Cleveland, .... 

31-05 

23-15 

36-51 

9-29 

32-15 

17*53 

45-50 

4-82 

23. 

35-45 

21-55 

33-70 

9-30 

24. 

29-89 

26-13 

34-35 

8-83 

25. „ .... 

30 

28-03 

33-33 

7-60 


Uniformity in Composition of Slag.—The quality of the slag 
produced at any one works, where the same description of iron is being 
manufactured from ore of uniform type, varies within very narrow 
limits, as will be seen from the appended table, which gives the average 
analyses of a series of years expressed in percentages of the chief 
constituents:— 



iBsy to isoo. 


189:.. 

1899. 

Silica, .... 

35-20 

34-50 

34-23 

.35-40 

Alumina, 

10-02 

• 10-90 

10-28 *■ 

10-45 

Ferric oxide, 

0-21 

0-18 

0-33 

) 0-91 

Ferrous oxide. 

0-55 

0-64 

0-64 

Manganous oxide, 

0-30 

0*4(» 

trace. 

0-.37 

CalciiiUi oxide, 

47-10 

47-44 

48-26 

46-74 

Sulphate of lime, . 

1*56 

1-44 ■ 

1-87 

1-M 

Sulphite of lime, . 

2-17 

1-99 

2*07 

1-Sl 

Magnesia, 

1-20 

1-36 

1-13 

1-20 

Jllkalies (not determined), 



1 



98-31 

98 -91* ' 

t 

98-81, 

.98-60 


A great number of t&ese are of no use for cement making. 

« * 
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In certain wor|js ■wheA the slags ^ioh iu wanganese it is possible 
to p'.floce cements which may contain ks liiuch asjfe per cent. ^ this 
oxid?, and these would tend to impart t brownish tint to the finished 
product. , 

Some Former Attempts to Empioy Sla,Ss for Cement-making.— 
We cannot now aftbrd sufficient space to do more tian gl.aneoat a few 
ot*the various directions in which the problem of slag “utilisation for 
cement production has been approached. Some have considered that by 
heating the requisite quantity of lime with the yowderod slag a partial 
combination between the silica compounds and the added lime might be 
effected, and considerable success has been obtained by roasting processes 
on these lines in the United States. Others have endeavoured to bring 
about this combination in the wet way by grinding slag and lime together 
in a mortar-mill. It was thus that slag was employed for some time at 
Skinningrove Iron Works in the production of cement concrete for the 
construction of a sea-wall, tfcc. Lastly, slag has been usetl on a very 
extensive scale abroad, intimately mixed with slaked lime, without 
recourse to heat or moisture. 

Slag Cement Prepared from Slag Sand and Lime.—As far back 
as 1802, Messrs. Liirmann ik Langen, at Troisdorf, noticed that granu¬ 
lated slag was poss(“Ssed of marked hydraulic j)roperties, and in a report 

on tests of this material, dated March 12th, 1862, it is stated:_“From 

these experiments it follows that the cement prepared from granulated 
blast-furnace slag, with a Tiioderate addition of lime, j)rovide8 a most 
valuable material for use either in air or water, and furnishes a cementing 
agent which takes an intermediate position between Rhenish trass and 
Portland cement, being in fact much superior to trass.” Liirmann 
made practical use of this discovery, and iu 1866 he was engaged in the 
manufacture of paving blocks and artificial stone. These blocks were 
made of concrete, consolidated in hand or steam presses, and allowed to 
set for six or eight weeks, and this industry attained to considerable 
importance. . It was not, however, until about 1880 that so-called “ slag 
cement” or “ puzzuolana cement" came into the market. Prof. Tetmajer” 

^tiiich, demoted much attention ft) the chemistry of these materials 
and to the treatment and manipulation of slag cements. 

Slag Cement as a ICiln Product,—Considerable progress has been 
made both on the Continent and also in America in the production of 
cemenls from intiihate admixtures of slag and lime, which, after having 
been calcined and oJinkered in the kiln, are reduced to powder. This 
process is, ns will be evident, in all respects analogous to the manufacture 
of Portl'and (jeraent in the ordinary way, and renders the resulting 
material no lon|;er liable to be. classed as a puzzuokna ccwaent, is the 
Jase with those wjiich are simple admixtures.of slag and quicklime. We 
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believe that there* are above efl or a dozeiJ factor^s in Germany in 
whiclr cements ari" preparea f om slag on the following lines:—Slag 
sa.nd, produced in the usual way from the slag derived either from'grey 
or white pig iron, is dried and ground in tube-mills to an impalpsAle 
powder. It is also freed from a (Certain amount of metallic iron by a 
powerfukmagpet. < Limestone is likewise ground separately in a similar 
way, and the tVo powders are then carefully mixed in the proper proffbr- 
tions to yield a suitable cement comp., ind. This is done in an automatic 
weigher and mixer, '^'he mixture is subsequently moistened with water 
and pressed into blocks or bricks, which are dried and burnt in cement- 
kilns with interstratificd fuel; in fact, all the final stages of the 
manufacture exactly resemble those employed for producing Portland 
cement in the ordinary way. Cements prepared in this manner from 
slag will stand all the tests to which Portland cement is commonly 
subjected, and when mixed with normal sand they yield surprisingly 
good results. On analysis the proportion of lime is relatively low, 
ranging from 54 to CO per cent. 

Two plants in the United States, the one in Pittsburg and the other 
in Chicago, likewise produce cement from slag by calcining in a similar 
way a mixture of compact limestone and granulated slag. It has been 
suggested that cements thus prepared should in all cases rank as true 
Portland cement, but that cements made from a mixture of slag sand and^ 
slaked lime, when these substances do not undergo any subsequent 
roasting jirocess, should be classed us slag cements. 

Production of Slag Cement.—It has been estimated that no less 
than forty factories were engaged a few years back in the production of 
slag cement, ten of these being situated in France and twelve in 
Germany, but several of these works have since been closed. A recent 
writer asserts that there are nine plants in the United States making 
slag cement. Of these, two, as above stated, employ a roasting process. 
The cement made without firing is very light both in colour and weight, 
while slag cements, which have undergone the roasting, process, are 
rather darker in colour than ordinary Portland. Slag cements are 
better adapted for use in water, or* even in sea-water, thah for purposes 
where they will be exposed only to the air; and, according to Le 
Chatelicr, the alumina present in cement of this type does not undergo 
decomposition caused by the action of the sulphate of magnesia contained 
in sea-water in consequence of the relative abundance’of metallic oxides 
which they contain. . 

■ Passow’s Slag Cement.—A patent was secured in 1901 by Dr. 
Passow for the manufacture of cement by blowing air ipto liquid slag 
issuing^ from hhe blyst furnace, whereby) it is granulateVi, and needs no 
further treatment except ^eduction to an impalpable powder. It is 
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claimed that by this procjss the silicate jis partially decomposed, and that 
he following reactions take place :— } I ^ 

Si022Ca0 yields SiOjCaO + CaO ajid a certain amount of + 
2GaO. We hav<! thus mixtures of the di-oalcium silicate wit' tiie jnono- 
silicate and free lime and silica, enc^gh of ^he former being set free to 
render the addition of more lime unnecessary, (^ly vc.f Jbasic slag 
iFom grey foundry pig can be used for this process, b»t f it can be 
practically carried out, .and if Portland cement can be produced in this 
very simple way, it bids fair to revolutionise thc^manufacture. 

Process of Messrs. Bosse & Wolters.—A successful process of 
making a cement resembling Portland cement from slag ig th.at patented 
by Messrs. Bosse & Wolters, whose representative in this country is Mr. 
E. Larsen. Their invention consists in the selection of suitable slags, 
which are mechanically reduced to an extremely fine powder, and 
amalgamated in a machine of simple construction with a proportion of 
slaked lime. In the ordinary process 25 parts of slaked lime are added 
to 75 parts of powdered slag. The secret of success lies in the extremely 
fine grimliug and the perfect amalgamation of the slag and lime. In 
carrying out tin- manufacture, the slag, as it issues from the fui-naoe, is 
run into water, giving rise to the formation of so-called “slag sand.” 
This material was patented many years ago by Mr. Charles Wood, of 
Middlesbrough. It is found that when the molten slag falls into water 
it behaves much in the same way that glass does when used to produce 
Prince llupert’s drops, it ilies into countless sharp fragments, resembling 
sand, the individual portions, as they fall, take the form of a porous 
pumice-like mass, which is very friable and capable of being easily 
crushed into powder. Slag sand produced in this way has, however, 
certain disadvantages for the after processes to which it is subjected; it 
is,-moreover, extremely retentive of water, and difficult to dry. 

Process of Mr. Snelus.—Mr. G. J. Snelus, P.U.S., has described a 
process of making cement from slag, in which the moisture is exj)elled 
from the granulated slag by calcining it in a furnace, and he states that 
in the course of this jirocess a notable quantity of sulphur, which is 
always piCsent in slags as calcium sulphide, is gradually oxidised to 
calcium sulphate, accompanied by the evolution of sulphuretted hydrogen. 
The calcium sulphate, if present in moderation, beyond as we have seen 
tending to render the.cement slow in its set, has no injurious action. 
Th? process of Mr. Snelus, which he hrs perfected, in conjunction with 
Mr. J. Gibb, doss not involve the use of additional lime beyond that 
originally present in the slag. The following results in pounds per 
square inc^ were* obtained on testing three samples of this cement 
neat:— 
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liS days o.d. 

3 old. 

No. i. 

J 

1 

470 

6(K) 

! No. 2. 

370 

56() 

050 

j No. 3. 

390 

1. ( 

530 

720 


We are not in ])osses3ion of full details respecting the process "of 
manufacture, nor have we an analysis of this cement, but Mr. Snelus 
stated in 1S90 at the Society of Arts, London, that 100 tons of slag were 
being used weekly for this purpose. 

Mode in .which the Slag Sand is Prepared.—There can be no 
doubt, however, that the act of forming the slag sand in the manner 
above de.scrihed has a considerable influence on the behaviour of the 
material in the presence of lime, for it is found that when slag is allowed 
to cool slowly in the ordinary way, and is then reduced by mechanical 
means to a fine powder, it no longer ])OS3e8ses equivalent hydraulic 
properties in conjunction with the added lime. It is, therefore, probable 
that the rapid cooling or “chilling” has some physical efl’ect upon the 
ultimate molecules of the slag, causing them to assume a state in which 
they can more readily undergo chemical action. At the time of entering 
the water, and in the fierce ebullition which then takes place, there is, 
moreover, undoubtedly a certain amount of chemical action, for with the 
steam an appreciable volume of safphuretted hydrogen gas is given off, 
due probably to the decomposition of the calcium sulphide present in 
the slag. 

Mode of Manufacturing Slag Cement.—In preparing the cement 
under Messrs. Bosse & Welters’ specification, the slag sand is first 
thoroughly dried, and to 3 parts by weight of the dry slag sand 1 part of 
dry slaked lime is added in an apparatus termed the homogenizer or 
closed ball-mill. The open or continuous ball-mill has been described 
and illustrated on pp. 126 and 126. The closed mill consists of a 
hollow drum or cylinder, which may be of various sizes, Ijie interior 
circumference is lined with fluted cast-iron plates, and in this drum are 
placed a number of chilled iron or steel balls, about 1 inch dr 1J inches 
in diameter. The mixture of slag and lime is passed into the drum 
through a hollow trunnion, by means of a worm feeding apparatus, and 
when a full charge has been added, the aperture is closed and the cylinder 
is caused to rotate slowly on its axis, with the result that the contents 
are, by the constant collisions of the revolving balls on the fluted lining,. 
pounded and reduced to an extremely fine state of subdivision, and at 
the same time most perfectly mixed. Whei» this operatipn hat been 
■continued for an hour^, or for such time afi may be founS sufficient to 
thoroughJy grind the mixture^ a door in the outer lining is opened and 
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the contents in ^e cou^e of a few revolutions are ejected through a 
shoou into a bag or barrel; toe balLs ^xlnf^retainec^y a coarse gating. 
The'charge thus produced is now ready|ror the market, not requiring to 
be; sifted or handled in any way. 

Manufacture is Economical.—Tt will l^e seen from this description 
that the manufacture of slag cement is an extremely^simple dne, needing 
b;;t little skilled labour and a relatively che-ap plant. T»'e area needed 
for the works is small, and a French writer, who has hao considerable 
experience, states that the entire cost of works and plant for an annual 
output of 6,000 tons (say 20 tons of cement per diem) is under £0,000, 
in which estimate he includes all the necessary buildings^^and an engine 
of 150 horse-power. This contrasts very favourably with the cost of 
works to produce an equivalent quantity of Portland cement by 
any of the existing methods, as will be evident from our estimates in 
Appendix E. 

Features of Importance in the Manufacture.—There can be no 
doubt that this process ow(!s its success—lirst, to the use of slag sand, 
which, as we have seen, possesses certain properties in which ordinary 
ground or pounded slag is deficient ; and second, to the extremely fine 
grinding secured by the use of the homogenizcr, which undoubtedly pro¬ 
duces a truly impalpable powder. It must be remembered that in slaking 
the lime, if this operation is carefully conducted, with only just the proper 
amount of hot water, we obtain the hydrate, which constitutes 25 per 
cent, of the bulk of the cement, in a state of subdivision infinitely more 
minute than would bo possible by any mechanical means, and the pumice¬ 
like friable slag sand lends itself admirably to the grinding process, and 
has its pores mechanically filled with the lime ])articles in the homo- 
genizer. Experiments tend to show that whereas ordinary slag is 
unacted upon by water, it is possible by grinding it to a very fine powder 
in an agate mortar to obtain a substance which has feeble cementitious 
qualities; this is probably due to the liberation of particles of lime and 
other sparingly soluble bases which have become surrounded in the fused 
mass with a thin film of silicates. 

Necessity for Extremely flpe Grinding.—The urgent need of 
extremely fine grinding is shown by some tests at Choindez, which gave 
the following results:— 
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In this table A, jI, and'c represent the sam/i sample of cement ground 
in threi; different ii4iys, and (estfetf by sieves of three cifTerent degrees of 
fineness. Sample A was the mdit coarsely ground, in that on a very fine 
silk it left a residue of 28'9 per cent. On a corresponding sieve, the 
more carefully ground saiinde C left a residue of only 8'4 per cent. The 
sample A was ground as fine as !t was possible by means of the mill¬ 
stones in com4ion use in cement works. Sample B was passed throt^h 
the homogenizer, and sample C was treated a second time in the homo- 
genizer, so as to be reduced to the finest possible powder. The cement 
0, when tested with three parts of sand, proved to ha more than double 
the strength of sample A, tested in a similar way. Portland cement can, 
of course, be ((ealt with by the homogenizer and gains greatly in tensile 
strength by the oi)eration, but th(i improvemeut is chiefly noticeable 
when the cement is tested with sand. It will at once be seen that the 
finer the grinding the greater is the power of uniting together the sand 
particles, as the action of a cement depends to a very great extent upon 
the amount of surface that it will cover. 

Properties of Slag Cement.—We may now glance at the properties 
of the slag cement, which differs to a marked degree from Portland, for 
while the specific gravity of a good sample of the latter would average 
about 3T0, that of slag cement never e.vceeds 2'7!>, the slag from which 
it is made having a specific gravity of about 3-()0, and that of slaked lime 
being only 2-08, the diminished der.iity being no doubt p.artly due to the ^ 
porosity of the slag sand. A cubic foot of the slag cement weighs, there¬ 
fore, about 75 lbs., or the bushel would weigh 90 lbs., being thus about 
20 per cent, lighter than Portland cement. Slag cements are essentially 
of the slow setting type, rarely taking less than five hours for this purpose. 
They distinguish themselves from Portland chiefly from the fact that 
they reach their greatest degree of induration in less than twelve months; 
in fact, in many cases they show but little improvement after the first 
month. They test extremely well with sand, owing to the extremely 
fine grinding, and there is less difference between the tests of the neat 
cement and that with 3 parts of sand than is observed in the case of most 
samples of Portland cement. Owin^ to the slowness of the^set they are 
ill-adapted for plastering and stucco, and they do not produce so hard a 
surface as that obtained by the use of Portland. 

Tliese cements behaved admirably under all the volumetric tests, and 
they will stand perfectly unchanged the various stea^ning and belling 
processes for accelerated set. The German manufacturers have adopted 
for them the generic name of “ Iron Portland Ceitent.” 

Slag Cement can be Stored with Imijunityt—Slag cement com¬ 
pares favourably with other similar materials when stored‘for long 
periqds.t Ijf frefely exfiosed to the air, the available lime gradually unites 
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with carbonic a|id, anc* tnia actionrelal -.'eJy much more r^iid than 
*8 the case with Portland; thus, in four (Ayr a th^ layer of sla^cement 
gamed about f) per cent, of carbonic'^tid, t'le amount of this a(^ taken 
itj) in the same time by a similar sample o‘ Portland cement ^s only 
1 per cent. The slag cement doesi not, hirfwever, gre;*tly (jpteriorato in 
tensile strength by prolonged storage, as the follov4ng g,i,pei-ti.ient tends 
to prove:—A sample of the cement was tested with sand, and gave, at 
seven days, 254 lbs., and at twenty-eight days 340 lbs. per square inch, 
with 3 jiarts of normal sand. After being ke^t for fifteim mouths, and 
similarly tested, the figures were 343 lbs. at seven days, and 321 lbs. at 
twenty-eight days, showing, therefore, a loss in strength of less than 
5 per cent. Slag cement yields such a fat rich mortar that it lends itself 
peculiarly well for works under water. Used for sea-walls, as has been 
done at Skinningrove, near Saltburn-ou-the-Sea, it rapidly attains great 
hardness, and makes excellent work. 

The Chemistry of Slag Cement.—The chemistry of the cement 
action in the case of this material is somewhat obscure, and tends to 
subvert certain of the theories which have been put forward to explain 
the induration of Portland cemetit. Before considering the question 
further we may glance at the following analyses:— 



Portlaiul 

Cement. 

.Slag 

Cement. 

Tnime (CaO),. 

01-07 

39'08 

Silica, 

21-70 

24’34 

Alumina, ..... 

8-00 

ls*7J. 

Protoxide of iron, .... 

0*27 

,, manganese,. 

Peroxide of iron, .... 


0*23 

2-20 

0*14 

Magnesia,. 

1-17 

6*59 

Potash, ....... 

Soda,. 

0-75 

0-42 

0*28 

0*44 

Sulphur. 

Sulphuric acid,. 

f!)arboj.:c acid, ...... * 

Water and loss, .....[.* 

i-i"! 

0*93 

0*25 

0-80 

1-26 

4-07* 

4-70 

Total, • . 

99-9,-. 

1(K)-C6 


Here we have in the first column a sample of Portland cement of 
average composition, _ and in the second an analysis of slag cement 
inhe carbonate of lime in the latter analysis is separately set down as 
limo and carbonic acid wo have in the slag cement 3y-68-i-2-28 = 41-96 
per cent, of lime.^as compared with 61-07 per cent, in the Portland 
cement, thqugh pi-ob»bJj» the 6-59 per cent, of magnesia in the former 
may be regaWed as ranking^ith the lime. 

* Carbonate of lime equal to lime 2-S8, carbonic acid 1-79. 

16 
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Proportion of Lime and Magnesia to ^^oids.-jj-If we take the 
total pSt'oentage of ll^ne and itagnesia in both cements, equal to 48 55 in 
the .slap cement and C2'24 in til e Portland, we find that the equation 
of totah lime divided by silica + alumina is roughly in the slag 
cement, as compared withfcj- in the Portland. This latter equation 
is fairly representative of the average composition of all good speci¬ 
mens of PortlaSid cement, and we should at first sight consider i? 
quite impossible that a cement having the formula of Z would give 
good results. c. 

Composition of Slag Cement throws some doubt on Chemistry 
of Portland.—‘We are in fact compelled to reconsider certain of our 
theories respecting the action of the silicates and the relative proportion 
of lime required to obtain cementitious properties. It is ])robable that 
in the case of slag cement, at the very high tempi lature attained in the 
blast furnace (that of complete fusion), compound silicates of lime and 
alumina, together with small quantities of metallic and alkaline silicates, 
are produced, which, when taken alone, are almost entirely inert. That 
is to say, that when they are reduced mechanically to a fine state of 
subdivision there is but little tendency among the particles to form fresh 
compounds in the presence of water. The energetic action of hydraulic 
cements of the Portland type is largely due, as we have elsewhere shown, 
to the formation of hydrated alumiinatea and silicates of lime, which 
rapidly solidify the water used in making the mortar, and are said to 
act. In nearly all specimens of Portland there is undoubtedly a con¬ 
siderable margin of lime which readily gives up the alumina or the silica 
with which it is combined on the addition of water. It has frequently 
been described as “free lime,” or even as “uncombined lime,” though 
from recent experiments it is, as we have seen, very doubtful whether 
any good sample of Portland cement, or even of, slag cement, contains 
much lime which can be spoken of as free lime. Some of this lime may, 
however, cither have been present in the original mixture in excess of 
the requirements of the alumina or the silicic acid, or it may have 
become mechanically entangled in or coated with the vitreous, or semi- 
vitreous, silicates formed in the kiln. ‘ 

Free Lime in Portland Cement.—It is difficult to estimate the 
exact proportion of this available lime, but we are warranted by what 
takes place in the case of slag cements to consider that the amount is 
considerably larger than chemists have hitherto thought possible.' 
When Portland has been steamed or thoroughly “ purged,” and the 
whole of the available lime has been set free and hvdrated, the cement 
loses its energy of set, and is rendered much safer and morp reliable in 
its . action. If, afi Le Ohatelier supposes, the chief active constituent of 
Portland cementj, is the tri-c?.lcium silicate, and if on treatment with. 
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water this silicate is, asjhe asserts, decomposed into two molecules of 
crystalline hydrare and one molecule of liyc^rated mcrfo-silicate of^pne; or 
if, as Meyer claims, on purely theoretittil grounds,* splits up into two 
mpleoulcs of calcium hydrate and one w anhydrous mono-silicat^undei* 
either assumption there is a considerable^ margin of lime becoming 
capable of hydration. What takes place, when w|tor is aflded to the 
n.'ixture of pulverised slag and hydrate of lijjie in the slag cement, must 
be a partial decomposition of the sparingly soluble silicates of the slag 
and a mutual reaction between them and the lime, which latter in itself 
(being previously fully hydrated) is incapable of being further acted 
upon by water. The slag contains but little free lime, as it is but 
slightly attacked by acids, but there is no doubt a slow and gradual 
decomposition of the silicates and aluminates and the other bases present 
in the slag, and a reaction ensues between these silicates and the calcium 
hydrate, leading to the formation of fresh compounds of lime, silica, and 
alumina, which are not only themselves capable of induration, but 
possess also the power of uniting very considerable quantities of 
aggregates in the form of mortar and concrete. 

Excess of liime in Portland Cement.—If this theory could be 
regarded as accurate, it will be seen that it follows as a necessary conse¬ 
quence, either that in Portland cement a superfluity of lime is present 
(to the extent of something a{)proaching 20 per eent.), or that in the 
* slag cement, possibly in consequence of the high temperature of calcina¬ 
tion, different combinations of the lime and other substances are 
obtained, which would, however, appear to be quite as stable and per¬ 
manent as those prepared .it a much lower temperature in the cement 
kiln. This fact has led both Dr. Michaelis and Prof. Zulkowski to 
suggest that it would be better to melt the cement clinker into slag in 
suitable furnaces rathcir than to stop short at the present stage of 
incipient fusion. 

Theory of Cement Action needs Revision.—We cannot, however, 
escap(! the conviction that the behaviour of the mechanical mixture of 
silicates and calcium hydi’ate forming the slag cement throws con¬ 
siderable d^ubt upon those theoriej of cement action which imjdy that in 
Portland cement the induration is brought about by the hydration of 
ready formed aluminates and silicates, or that certain silicates of lime, 
alumina, iron, and the ^alkalies, produced in the kiln by the action of 
heatj are in the presence of water recombined or transformed into 
hydrated double sflicates, since it is evident that m the slag cement, 
when produced by co?d mixing, notable quantities of hitherto uncom¬ 
bined Ume are unitetl to,tte silicates of alumina or other bases present in 
the slajf. ifbe exact nature of the chemical changes which take place 
has, we regret to say, not yet been satisfactorily explained^ though 
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numerous attempts have, as we hjive seen, befn mac^ to account for 
these reactions. 

Otl;L^r Considerations involved besides Chemical ones.—Tfiat 
other csinsiderations besides purely chemical ones influence the behaviowr 
of the slag is, however, shtwn by ^he following samples of slag sand, 
which whan analysed gave almost identical results, but which, when 
treated in the 4ame way and mixed with precisely the same amount of 
lime, gave widely different results. The composition of the slags was as 
follows;— , 


** Infjredu'" 

■h A. 

r. 

Silica, 

. 1 24-10 

21)-22 

Alumina, . 

iG-;io 

l.")-61 

Lime, . 

46-.G."? 

47-10 

Oxide of iron, 


0-7H 

Soda, ■[KJlash, &r. 

504 

5*50 

Carbonic acid, 

0*65 

O-Hf) 

Moisture, . 

6-4D 

6*«S 

Totals, 

. i 100*00 

100-00 

i 


Tested with sand in the same way, the tensile strength of the cements 
produced by the addition of lime was— 


1 Oeinctil to 3 san«l. 


A. 

i 

1 

7 days. 

days. 

7''ays. 

28 days. 

j 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

826 

431 

150 

208 


showing a difference of over 50 per cent. \ j 

German Tests of Slag Cement.—In order to show the behaviour 
of this cement when tested, the authors consider that the fojlowing 
details of the examination of a sample made and sealed up 'in the 
presence of one of them and forwarded to the Imperial G^nhan 
. Testing Station at Berlin in December, 1886, ma^y be of interest,, and 
it will serve also to show the very careful and searching mannejr in 
which such trials are conducted, and speaks well tor the ^qualiti<i,'S of 
this material. The investigation is extracted from thd Proceedings 
of the InAitution of Civil Engineers :— 
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Investioation oY Sample op Slag Ueme*t cabei^ ovt by Boyal 
■' Testing-Establishment foe Bu4|ding Matmials at Bkmin, 

* Results of tlie examination of a parcel of cement forwarded on the 
3rd December, 1886, marked “Simple 9f Cement,” without further 
(Particulars as to locality. The tests were corJmeiyied '8n the 9th 
December, 1886, under the rotation number Spec. XVI., No. 4,764. 

As a mean of three observations in each case:— 

Kilogrammes, 

1 litre of tlio cement lightly filled = . . .1 '012 • 65 

,, „ alinked down = . . . I'Bll 100'5 

,, normal amd =.1'640 102‘3 


The uornml sand was obtained by the selection of the finest possible 
quartz sand, which was washed and dried. From it were removed all 
the coarse particles rejected by a sieve of 60 meshes to the square centi¬ 
metre, and only the particles subsequently retained on a sieve of 120 
me.shes per square centimetre were employed. 

The ))roduction of a suitable mortar needed 40 per cent, of water, 
.000 grammes of the cement being used. A slightly stiller mortar 
required 36 jicr cent, of water; the temperature of the cement and the 
water being the same, and eijual to that of the atmosjihere of the 
laboratory, the rise of temperature on mixture was 0'7° Centigrade. It 
was made up into pats on glass, and set in 2J hours, the average tempera¬ 
ture throughout the experiment being 22'5° Centigrade. 

Tested with the sieve, tlie following results were obtained :— 


.5,000 meshes per square centimetre, 14'0 per cent, residue. 
!HK) ,, „ „ .50 „ 

600 „ „ „ 1-0 „ 

324 „ „ ,, 0-5 „ 

180 „ „ „ O'O „ 


The tests for expansion and contraction were carried out by means of 
ten pats #1’ neat cement, made up«on glass and roofing-tile, and trowelled 
to a thin edge. The pats remained twenty-four hours in air, and were 
then placed in water. They kept perfectly true and sharp-edged, and 
were free from cracks.. There was no expansion or contraction, and the 
cement adhered to the glass. When broken it presented a close even¬ 
grained and unifarm^fracture. 

The briquettes employed to ascertain the tensile and compressive 
ctrenhth wjre made up»c*i December 10, 1886, as follows;— 

(а) The Heat cement wa%mixed with 16J per-cent, of water. 

(б) The sand briquettes were made of 1 part by weight Hf cement, 
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3 parts weight of normal sand, and per ceft. of Wjfter. The mixture 
was beSten into metl^ mould/placed on glass plates in the usual way. 

The temperature of th^ air was 22-5'’ Centigrade. 

„ „ „ water was 16‘2° Centigrade, 

'Pile moisture of tne air Vas 68 per ceni. 

' . ** 

The tests set the first day in air, covered up with writing paper fo 
avoid too rapid desiccation; tlie remainder of the time they were in 
water. Taken from the w'ater and rested they gave the following 
results:— 
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Neat Cement (Tensio.n). 



7 (lay.s. 

2S days. 


No. 





Kciuarkh. 

Ocniian. 

English. 

OeniuTii. 

English. 


Kills, per 

Tdis. jier 

Kils. per 

Lbs. ]»er 



S(]. cm. 

811 . inch. 

IMP Clil. 
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1 

14-2.3 

629 

48-25 

686 

Mario on inctal 

2 

45-50 

642 

45-75 

651 

plutps, with 

3 

43-25 

61,3 

5.5-00 

754 

16?. per ccut. 

4 

48-00 

683 

49-00 

697 

of t 'ater. 

6 

44-00 

62.3 

48-00 

683 


6 

46-50 

653 

48-50 

694 


7 

45-75 

651 

48-25 

686 


8 

44-2.3 

629 

52-50 

746 


9 

48-00 

683 

46-25 

657 


10 

45-.30 

647 

47-00 

668 


. ToUl, 

455-00 

6,457 

486-50 

6,92^! ' 


Average, 

45-50 

O/fG 

48-65 
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1 Fast C|:ment and 3 Parts Sand (Tension). 


No. 

7 days. 

1 /. ‘28 d ys. f 

• 

trcruian. 

Englisli. 

j t'crmaii. 

English. 

1 

Kilos, per 
sq. cm. 
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5 
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412 

35-50 

.505 

6 

31 00 
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7 
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433 1 

.35-75 
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8 

31 -,50 

448 ; 
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.505 

9 

27-25 

387 

33-50 
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10 

30 00 

4.30 1 

30-50 

519 

Total, . 

30(P75 

4,278 1 

357-75 

5,099 

Average, j 

30-07 1 

i 

35-78 

5W ! 




:ulc Oil non- 
ahsorbont plates, 
%utli 7K jicr cent, 
of water. 


The briquettes were kejit for tlie first day in the air, aii<l the reniainin<^ time in 
water. ® 


1 Part Cemkvt \Nr> 3 Parts «\xd (Compression). 


No. 

7 'lays. 

‘28 days 


(rcrmini. 

Eiigiisli. 

Cicrman. 

English. 

Ucniarks. 


Kilo.s. jK-r 

Ll».s. pci 

Kilos. ]»er 

bbs. per 


1 
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2 
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3 
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.305-8 


mixed with 74 
per cent, of 

4 
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.303-5 


5 
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water. 

0 
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229-0 
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Total, ^ 
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OJxAFTER XVIII. 

SCOTT’S CEMkNT, SELENITIC CEMENT, CEMENTS PRODUCED 
FROM SEWAGE SLUDGE AND THE REFUSE FROM ALKALI 
WORKS, AND SIDERO CEMENT. 

Contents. —I>isce*'cry of Scott’s Cement—Faraday’s Opinion on the Theory of this 
Cement—First Patent for Scott’s Cement—Influence of Sulphur on Lime— 
Selenitic Cement—Theory of this Cement Action—Tests of Selenitic Cement 
—(iraham Smith on Sulphates—Cement from Sewage Sludge—Cement from 
Alkali Waste—Composition of the Cement—Cement from Caustic Soda 
Waste—Sidero Cement. 

Discovery of Scott’s Cement.—In the course of some attempts to 
produce an artificial hydraulic lime by calcining lumps of chalk in a 
common fireplace, abont the year 1854, General (at that time Captain) 
Scott, R.E., found to his surprise that the calcined lime would not go 
abroad or crumble to dust in the usual way in water. Tested with acid, 
the lime was foiind to he propeijly burned, hut it had lost its avidity 
for water. Captain Scott was thoroughly jnizzlcd by this result, and 
he consulted Dr. Faraday in his difficulty. 

Faraday’s Opinion on the Theory of this Cement.—After 
careful consideration of the facts, that eminent chemist came to the 
conclusion that this change in the behaviour of the lime was due to the 
foiuiiation of some form of sub-<;arhonate of lime—a compound the 
existence of which previous investigators had suspected, and which was 
believed to confer new properties upon the calcined lime, the most 
important of these being the above mentioned failure to fall into powder 
when quenched or sprinkled with water. 

First Patent for Scott’s Cement.—So convinced was General Scott 
of the accuracy of tliis surmise that he was induced to patent 'the process 
provisionally in March, 1854, No. 735. In his specification he proposed 
to p’'ei)are a cement either by calcination, so applied as to drive off only 
a portion of the carbonic acid contained in cha4k or limestone, leaving 
the substance in the state of sub-carhonate, or by subjecting ordinary 
quicklime or supercalcined lime to heat in the prefen(Je of carbonic acid, 
so as to bring it back to the state of a sub-carbonatp. He also specified 
a third process of mixing quicklime and ciir'oonate of I’me in such' 
proportions as tp cause them to form, when properly treated, a sub- 
oarbouate. , v 
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Behaviour of Iiiine| due to Sv^phur in the Fuel.—Subsequent 
experiments proved this invention to be bounded .^n a iniscorf^eption, 
and*it whs ultimately discovered that^e change ii^the behaviou^of.the 
lime was <lue to the presence of small quantities of sulphate W limdf 
produced fi’om the siili)hur in tln^ fuel. ^When the calcination was 
carefully carried out, and the resultant quicklime a^a red lh'f\^ remained 
Ibi a short space of time in contact with brassy coal ttr im 2 )ure coke, 
some of the sulphurous acid was absorbed by the glowing lime, and 
combined with it to form a sulphite, which,ultimately passed into 
a sulphate of lime, and General Scott was the first to ascertain 
this ])eculiar action of suli)hur compounds and snlphurm acid on quick¬ 
lime. 

Nature of Amended Patent.—General Scott at once perceived the 
importance of these new discoveries, and he took out a ])atent for con¬ 
verting lime of a partially hydraulic character into cement by the action 
of the fumes of burning sulphur. He effected this operation by reheat¬ 
ing calcined lump lime in an oven, having a perforated floor, beneath 
which were pl.aoed pots of suljdiur, the sulphurous acid from which 
ascended among the red-hot lime, leading to the formation of calcium 
sulphite, and this in turn became oxidised into the sulphate. The 
amount of sulphuric acid thus absorbed by the whole bulk of the lime 
was small, rarely exceeding from 2 to 3 per cent., and of course only 
the exterior surfaces of the lumps became coated with the sulphur com¬ 
pound, but when the lumps were ground, to prepare the cement for 
use, the sulphate of lime became evenly distributed throughout the 
mass. 

Similar Besults obtained in other Ways.—In course of time 
General Scott found that he could obtain the same results either by 
adding sulphuric acid to the water used in prei)aring the mortar, or by 
the addition of powdered gyijsum or plaster of Paris to the ground lime. 
It little mattered in what form the sulphuric acid was conveyed to the 
lime, andrfnany soluble suli)hates were found to answer quite as well as 
the suljdiate of lime. 

Very Cmall Amount of Suli*ur required.—In laboratory experi¬ 
ments very minute quantities of sulphuric acid proved sufficient to 
control the avidity of caustic hydraulic lime for water. As little as J 
per-cent, of calcium suljffiato only being needed if used in the water 
employed for teffipering the mortar, while stirring in the lime, previously 
ground to a fine powder. 

Selenitic Cemqpt.—Ultimately General Scott sj)ecified the manu- 
faoture^of ajcement, whtcR he named “ selenitic cement,” by the addition 
of 6 j)er oe5t. of ground jjiaster of Paris to c#lcine^ hydraulic lime, 
which was then ground to an im])alpable powder and placed A sacks or 
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casks for use. The theory of the action o| the sjiilphnric acid was 
originafty supposed y:o he si/ follows:—That each molecule of lime com- 
hined^ith the sulphuric acid a^a water to form sulphate, and that the 
Bulphhric acid then travelled on to the next molecule of caustic lime, 
which was,in turn converged intc). a sulphate; the sulphuric acid tra¬ 
versing in this way the whole bulk of the lime, leaving behind it the 
calcic hydrate Vhich has thus been formed without much evolution of 
heat and with no apparent change of volume. This action would be a 
species of cementation, but, in lien of the above theory, a German chemist, 
Mr. F. Schott, propounds with a much greater show of reason, the follow¬ 
ing exidanation :— 

Schott’s Theory of Selenitic Action.—The particles of gypsum in 
solution are mechanically deposited over the molecules of lime owing to 
surface-attraction. The coating of sulphate reiarda the access of water 
to the lime; it forms, if we may so style it, a temporary varnish, through 
which, however, owing to its solubility, the water speedily penetrates, 
and the molecules of lime then become hydrated, but this action is 
retarded to such an extent that the combination with water takes place 
gradually, without much evolution of lieat, and with little or no per¬ 
ceptible increase of volume. The latter fact is proved by the much 
greater density of the selenitic hydrate than that of a hydrate formed in 
the ordinary way. * 

The paste formed by the selenitic process is sulllciently bulky to 
penetrate the interstices between the sand-grains and to bind together a 
largo quantity of this sand into a mortar, though, of course, it is far less 
finely divided than the particles of fully slaked lime from which mortar 
is ordinarily made. The hydrate used for common mortar is, however, 
not really a binding agent in the true sense of the word at all. 

Sulphur has no effect on Pure Ijimes.—If pure lime is treated in 
this way with a soluble sulphate no retarding influence is exerted, for 
the hydration takes place instantaneously before the coating is formed; 
it is only in the case of hydraulic limes, in which the combination with 
water is more gradual, that the coating of sulphate has time to form. 
Some interesting experiments by Mr.' F. Schott, elucidating tliis theory, 
were published in Dinglers’ Polytechnische Journal, in vol. clix, 1873, 
p. 30. 

Feebly Hydraulic Limes best adapted for Treatment.—The- 
selenitic process may be employed with advantage with all limes of'a 
feebly hydraulic character, and it abso greatly imjmtfves the eminently 
hydraulic limes of the lias formation. Limes of this kind, when made 
seleftitic, will carry a largely increased voluine of sand a»-d give good 
results. Strong tough mortar and good plasterers’ stuff may be produced 
from a mixture^of l.part of selenitic lime with from 4 to 6 parts of sand, 
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and it is a matter of cojimon experience tnat any given sample of lime 
when prepared by the selenitic process *-ill giv^ double thd'^tensHe 
strength . with twice as much sand, 4# when slafed and mix^ into 
mertar in the ordinary way. 

The Colour of Selenitic Cement.—Inconsequence of the fact that 
the lime does not become slaked when employee], in accoreiance with 
ijSineral Scott’s process, it retains its original colour, a'warm buff, and 
the mortar is of course much more dense thai one made from the 
hydrate. The power of binding together lajge volumes of sand is 
strikingly shown by the tests to which this material and the original 
Scott’s cement have been at different times subjected. « 

Improvement Effected by Selenitic Process.—The improvement 
offecte<l upon limes, when treated with a small percentage of plaster, as 
compared with the same materials when us<‘d in the ordinary way, is 
well seen in the following table, which gives some tests carried out at 
the New Law Courts, under the late Air. Street, K.A. They were made 
by Mr. A. W. Colling, the Clerk of the Works. The resistances were 
arrivtid at by jiulliug asunder two bricks united crosswise, so as to give 
a joint having an area of 18J square inches. One month w.as allowed 
for setting. In (wery case the mortar vvas made in a mill, and the mean 
of three tests is indicated :— 


Hiifl iiKulc uf iirepurfitiDii, 

of 

saiul to hnu-. 

Mfiiii rcsi.stanpc 
in l}>s 

Lias gray lime as common mortar, 

3 to 1 

112 

,, ,, Hclonitic ,, 

0 , 

1 

20!)s 

Barrow lime as common mortar, . 

3 , 

, 1 

I‘2.5 

,, ,, solciiitic . 

5 , 

, 1 

283H 


<> , 

, 1 

196 


Tests of Selenitic Cement.—Prom a large number of tests made 
by one of Che authors to ascertain the strength of selenitic cement, as 
compared with Portland cement, the following have been selected because 
they clearly indicate the advantages of the selenitic treatment when 
earned out with suitable limes. 'The lias lime here used was that 
from Barrow-on-Noar, and the gray lime was from the Burham pits 
on the Medway. • HJlie whole of the samples were prepared by the 
late Mr. Hartley, vjho had a long experience in cement testing. The 
tests wpre in all cases liAde with ordinary stock bricks bedded aci-oss 
one another * t right angles,«giving a joint with,an area of 20 square 
inches. 
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___ 1 - 

*• , jJattjre of 

’Material. } 

• V 

Age 

ill DayB/- 
when '■ 
I'mc- 
tured. 

r Parts of 8au({ to 1 ol or lime. 


4 Sand. 

5 Sand. 

eSaifd. 

Portland cement, . 

28. 

V" 

403 

3*25 

• 

313 

Barrow ^.elenit’c, 

28 

541 

418 

399 

399 

r 

Burham selenitic, . 

28 

484 

434 

368 

408 

Portland cement-, . 

„ 35 


5*20 

433 

:509 

Barrow Bclcnitic, . 

35 

4.35 

ii'M) 

438 

4.30 

Burham selenitic, . 

35 


430 

4!I0 

556 


Kirkaldy’s Tests of Selenitic Cement.—By far the most im 
portant scries of tests of this uiaterial with which we are acquainteu 
was carried out for tlie Selenitic Cement Company by Mr. D. Kirkaldy 
in 187*2. (See Appendix A.) He ascertained the resistance of selenitic 
cement exposed both to forces of tension and compression. In the 
former set of experiments he made use of test-briquettes having an area 
at the neck of 5 square inches, and also of bricks bedded crosswise, 
having a sectional area at the joint of 18-5 square inches. The blocks 
used for the tests in compression.had a base area of 7'84 square inches. 
The test-briquettes of common ^ime mortar, when broken eight weeks 
after being made, showed a mean str('ngth of 2.3 G lbs. per square inch. 
Selenitic mortar, made from the same lime and with double the sand, 
attained in a similar time a strength of 83'0 lbs. per square inch. Blocks 
of common mortar crushed under a load of 12T7 lbs. per square inch, 
but when treated selenitically and used with twice the sand, the blocks 
withstood a load of 629’C lbs. per square inch. 

Experiment in Slaking Lime Powder.—The selenitic action is 
likened by Mr. Schott, to whose theories we have already alluded, to 
what takes place when dry, finely-powdered quicklime is tightly packed 
in a metal cylinder pierced with very minute perforations. If such a 
cylinder of lime is placed in water, .which can then only reg?h the lime 
in very small quantities and very gradually, the lime is converted into 
a den.se hydrate, which resembles in every \fray the hydrate formed 
by the selenitic process. This experiment would seem to confirm the 
accuracy of Mr. Schott’s theory of the selenitic process. 

Mr. Graham Smith’s Observations on Sijlphates.—It is much 
more difficult to understand the reason of the influence of sulphate 
of lime on slaked lime, as observed by Mr. Graham ^Smith, whdj 
in a paper on “The^ffect of Sulphates ,pn Lime Morta.,” has shown 
that caltium sulphate has a notable influence when mixed in certajn 
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proportions with slaked^nyaraulio lynes. in 1»7U, while he was in 
charge of the various cements and mortar* employed in the w^ks in 
progress at the Liverpool Docks, h(/tfarried outfa large num^r. of 
experiments with Halkin lime from Funtsliire, a variety of wlHte lia^ 
with fair hydraulic properties. 

The analysis of this limestone is as follows:— 
o 


Analysis op Halkin Mountain Limestone. 


Comiiositlon. 

Percent iige. 

/Carl)onato of lime, .... 
Substances soluble 1 Carbonate of magnesia, 

in acids— < IVotocarbonate of iron, . . .1 

74*726 per cent. j Sul])hidc of iron, . . . ./ 

^Alkalies,. 

Subslaiices in^JuWo i Alunnm,"': 1 

i 1 Resquioxidc of iron, &c., . 

«.> J1 pel ecu . ^ W'atcr and carbonaceous matter, 

* 71-54B 

l-:i48 

1040 

0'792 

20 06S 
.■5-521 

1-192 

0-49:5 

Total, .... 

1(H)*00(.> 


The whole of the mortar used in the tests was mill-made, ground 
30 minutes; the proportions indicated are in all cases by volume. The 
briquettes were of the ordinary shape, "x 1^", or 2^ square inches in 
area. They were broken in a Miehele lever cement-testing machine. 
Corresponding tests were made with bricks bedded crosswise on the flat, 
giving a joint of 4J"x4y'=18 square inches, and the results though 
similar were scarcely so favourahle to the sulphate mortar as the 
briquette tests which we have appended. 

Common Slaked Lime Mortar Improved by Sulphates.—It will 
be seen that with 4| per cent, of sulphate, even with double the volume 
of sand, the mortar was much stronger than when lime alone was em¬ 
ployed. It is to be regretted that no results are given with other 
proportion* of sulphate. This mortar was found not to be adapted for 
use under water. The explanation of the foregoing results is surrounded 
with many difficulties, as the chemical action is quite different from that 
of selenitic cement, in 'which the slaking action is controlled by this 
means. We must probably seek for the solution in connection with the 
silica and alumina o^^mpounds of the Halkin lime, and it would be 
interesting to ascerijpin the behaviour of other hydraulic limes treated 
in a simjlar '{ray. 
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ExPEKIMKUTS WITI^'HALKli LiME MoKTAB WTH A>iD WITHOUT SOLPHATE 

OF Lime. ‘ 



'1 

A 




Number of Lbs 

, « 1 



1 > 




minired to Break l>y ] 
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1 Sqiian 
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Water. 







c 

a 

>2 


i 21 

42 

84 

16S 



h) 

r/i 



Buys. 

Dhj’.s. 

Bays. 

Oaj.,. 

Ordinarv 

mortar, . 

1 

2 

1 

Fresh. 

60 

130 

I.'i3 

248 

Do. 

do., . . . 

1 

2 


Salt. ' 

47 

74 

134 

147 

Do. with • 

t?. j)cr cent, plaster, 

I 

2 


Fresh. 

98 

141 

340 

375 

Do. 

do., 

1 

2 

.t: 

Salt. 

67 

183 

232 

387 

Do. 

do., 

1 



F resli. 

122 

l.'iO 

306 

398 

Do. 

do., 

1 



Salt. 

140 

210 

376 


Do. 

<lo., 

1 

4 


F rosh. 

97 

KH 

299 

422 

Do. 

do., 

1 

4 


Salt. 

100 

190 

401 


Do. 

do.. 

1 

5 


Fresli. 

05 


253 

360 

Do. 

do.. 

1 

1 

.5 


Salt. 

70 

232 

312 

320 


Cement from Sewage Sludge.—While treating of General Scott’s 
cement, we must hrieily allude to his jiroposals for the manufacture of 
cement from sewage sludge, a plan which was actually carried out upon 
a considerable scale at Birmingham, Burnley, Ealing, and several other 
towns, and one which enables the authorities to dispose of their sewage 
sludge with profit and advantage. This invention was a development 
of the so-calied “ lime process" of sewage treatment. In accordance 
with this process, a small quantity of slated lime (from 15 to 23 grains 
per gallon) in a fine state of subdivision is added to the sewage water, 
and as this substance becomes mixed with the water in the sewer it 
gives rise to a copious precipitate, consisting mainly of carbonate of 
lime, together with a little phosphate of lime. The sewage is then 
allowed to pass into tanks where the flow is arrested, and the precipi¬ 
tate slowly sinks to the bottom, and in so doing it entangles and 
carries down with it nearly all the suspended impurities, leaving the 
supernatant water thoroughly clarified, and in a fit condition to be dis¬ 
charged into rivers of large volume. The sewage sludge or mud which 
remains at the bottom of the tank, when this clear effluent has been 
drawn olT, is dried either on hot floors or by mechanical pressure, or 
other suitable means, and when sufflcicntly dried it is burnt in down¬ 
draught kilns of special construction, with small quantities of inter- 
stratified fuel. ■ , 

Character of Sewage Cement.—General Scott lyas able to produce 
in this way a cement which had approximately the composition of Port¬ 
land cement, because the detritus and clayey ,Diattcrs washed frem the- 
surface of the roads, and the ash of the fsecal and other orgarlc substances 
In all cases the average of three tests. 
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always present in sewage watlr, furnished tlif#an)OU*t of silica, alumina, 
and iron needed fov the cr|nent. In dfy weather it became neces^sary iij 
certain cases to add a small quantity ^»f clay to tjifjpscwage wate? along 
with the lime; this addition of clay Aids in the clariiicatioii^^ i*lie, 
sew*age, and need rarely exceed a few grains per gallon. This plan of 
dealing with sewage had manifest aiivantag^s, as it enabled •municipal 
aUiOiorities to get rid of the sludge without expensf, a;el lime is well- 
known to bo the che.apest and bo.st precipitating agent. It was found in 
practice that from I to 11 tons of quicklime were needed for the treat¬ 
ment of one million gallons of sewage water, fir, say, for the daily 
volume of sewage produced by a population of 25,000 persons. If the 
cost of limn be taken at 15s. per ton, this implies a cost of 9d. per diem 
per thousand inhabitants. From each ton of lime used with sewage of 
average composition, there will result 30 tons cf wet sludge or 3 tons 
of dry sludge. I’liis sludge when calcined will yield about 11 tons of 
cement. It wdll bo evident that, after undergoing calcination, all 
noxious matters will have been completely destroyed, and this plan 
of disposing of town sewage has thus many important recommendations 
from the hygienic point of view. 

Difficulty of Drying Sewage Sludge.—One of the chief drawbacks 
encountered in carrying out this process upon a commercial scale was 
that the resultant sludge was extremely retentive of water and difficult 
• to dry. The raw materials were also more fusible than the ordinary 
slurry, composed of lime and clay, in consequence, no doubt, of the 
large admixture of organic matter derived from the excreta; but we 
are of the opinion that this process, if it were efficiently carried out 
with the appliances now available for burning and grinding, would be 
found a successful and economical plan of disposing of the sludge, 
which has always been one of the main obstacles encountered in dealing 
with town sewage by treatment with lime. 

Quality of Cement from Sewage Sludge.—The quality of the 
cement made in this way will manifestly greatly depend upon the 
composition of the sewage water, and on the impurities present therein. 
By carrying out the calcination at g. lower temperature, the sludge may 
be couverte'5 into hydraulic lime, or a lime suitable for agricultural use. 
It was found by experiment that, for each ton of lime introduced into 
the sewers, 45 bushels of good agricultural lime, valued by Dr. Voelcker 
at In per bushel, were obtained. The cement made at Bundey which 
was calcined at a ^high temperature, though it fluctuated somewhat 
widely in compositioif, owing to the varying quantities of detritus 
carried into the sewdts (Jufing rainy weather, commanded a ready sale, 
and shotved '% fair degree of tensile strength. We believe that this 
valuable invent?''" -^ '-..x xi -i ....-iv 
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the jiresent state ol our Cnowledge of cejient manufacture, it could be 
Carrie^ out with complete success, and would prove a means of over¬ 
coming many of thd'difficulties in'dcfecating town sewage. 

C'^.nent from Alkali Wasj;e.—By means of certain patented nro- 
cesse.s Mes.srs. Chance are now enabled to extract from the alkali waste, 
re.sulting from the manufacture of soda on the Leblanc .system, a very 
large part of the combined sulphur which was ])re.sent as .sulphate and 
polysulphides of calcium. This discovery may hereafter provide a mode 
of utilising those vast mounds of bye-products which now' encumber the 
ground, and so sadly dishgure the vicinity of .alkali works. In order to 
find some means of using the lime after the sulphur has been extracted, 
it has been more than once proposed to employ this material in the 
manufacture of Portland cement, but the jiercentage of sulphur still 
remaining in the waste has hitherto rendered this out of the ijupstion. 
By introducing a slight modiBcation of the treatment one of the authors 
has succeeded in producing Portland cement from this material, and 
from a paper published by him in the Journal of the Sociehj of Chemical 
Industry of June 30th, 1892, we have extracted the I’esults of certain 
experiments made about that time with a sample of alkali waste which 
had the following composition ;— 

Coke. 

Sand. 

Silica, 

Alumina, . 

Ferrous sulphate, 

,, sulphide. 

Calcium carlmnate, . 

,, sulphate, 

‘ Magnesium carlxmate. 

Soda. 

Water, 

lOp-277 


10114 

111)6 

0-926 

1- 488 
0-4-21 

68-861 

4-7.3.6 

2- 428 
0-962 

15-714 


For reasons given below this m\terial after being dried ,^nd ground 
was mixed with a marly clay, containing 30 to 40 per cent, of carbonate 
of lime, and a considerable excess of water, which was allowed to drain, 
off; advantage being thus taken of the sligjit solubility of calcium- 
sulphide. The dried slurry thus produced was found after Ou,reflIl 
calcination to yield a cement which stood high tests and gave good 
results when mixed with sand. As this substance proved very fusible, 
considerable care was needed in the burning, ',rd tfie mixture with a clay 
rich in,carbonate of lime was rendered necessary to king down the 
proportion of ckjciuip sulphate in the resultant cement. 
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Composition of th^ Cement,—/'lie dried slurry was found to have 
the composition sfiown in Ool. 1, and in C%1. I w^give the anglysis of 
the hement;— 


• 

* Jio. 1. 

A 

• Sn. 2. 

, * _ 

• 


* 

Coke, water, and organic iiiattor, . 

1032 


Sand. 

1-349 

2-^9 

Silica,. 

12'22(» 

j 18-215 

Ferrous oxide,. 

• 3-427 

6-583 

,, sulphide,. 

()-324 

1 

Alumiua. 

4'993 

8-048 

Calcium carbonate,. 

71-002 

1 

,, sulphate,. 

Lime,. 

2-455 

1 5-006 

i 56-682 

Magnesium carbonate. 

Magnesia,. 

1-955 

1-6.39 

PoUish,. 

()-671 

0-6.54 

Soda, &c.,. 

0-772 

0-779 


100-2(X» 

100-335 


It was found in practice that if it is so far free from sulphur com¬ 
pounds as to give in the cement a quantity not exceeding 5 per cent, of 
calcium sulphate, alkali waste may, after treatment by the Chance 
• process for the recovery of its sulphur, be successfully utilised for the 
manulacture of Portland cement. We learn, indeed, that Messrs. Chance 
have themselves established the manufacture of cement from their 
waste, upon a commercial scale, and that they are now producing con¬ 
siderable quantities of Portland cement of excellent quality from this 
material. 

Production of Cement from Caustic Soda Waste in America. 
—In order to work up the waste arising in soda manufacture, the 
Michigan Alkali Company, using the ammonia soda process and pro¬ 
ducing about no tons of waste per diem, erected a plant in 1899, from 
the design* of Messrs. Lathbury and Spackman, to convert the bye- 
product into Portland cement. The residuum, which is pure white in 
colour and^ree from grit, is mixed with the bluish clay from the valley 
of the Detroit River. The following analysis shows the composition of 
the raw materials. Unlike the waste from Messrs. Chance’s Works, the 
resicjfinm from the ammonia soda process is practically free from calcic 
sulphate, but the percentage of magnesia was deemed to be excessive. 
The limestone at firsif used has, therefore, been discarded in favour of 
one with a much smalle^ quantity of magnesium carbonate, and the 
waste used ai^the lime ingredient now contains only about 1 per cent, 
of magnesia;— 


17 
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■98 
1-62 
•08 
■no 

99-01 

Clay. 


Silicii.40-81 

Oxides of iron and alumina, .... 14*21 

Calcium carbonate,.25'07 

Magnesium carbonate.7*58 

Sulphuric anhydride,.1'18 

Alkalies,.3*04 

Total.97'89 

Loas on ignition, .... 15’74 


Very special attention has !|»een ])aitl in the design of the works to 
so arrange the plant as to be as nearly automatic as possible, and to 
avoid all resort to manual labour. The clay is first dried in rotary 
driers, and is then introduced in the requisite proportions into the liquid 
waste, and the mixture is pugged witb additional water. The liquid 
slurry is then ground in tube-mills, so that 96 per cent, will pass a 200- 
mesh sieve. The slurry is pumped into rotary kilns, and burnt into 
clinker by coal dust mixed with air under pressure. The clinker at the 
discharge end of the kiln falls into a hoiiper shaped concrete pit, whence 
it is raised by elevators into a s])eoially-designed cooling bin. After 
final griniling in ball-mills and tube-mills, the cement is eLvated and 
carried by an overhead conveyor into storage bins, from whence it passes 
to the packing machinery. The capacity of the plant is 4'50 barrels 
per diem. 

Krupp’s “Sidero Cement.”—In consequence of the destructive 
action of sea-water, and of water containing sulphuric acid in solution, 
u[ion Portland cement, Messrs. Fried. Krupp have recently introduced a 
variety of cement, which they have termed “sidero"cement,” in which 
clays rich in alumina are replaced by iron ores or ores of manganese,, 
and even chrome ore tailings and these are used in conianetbn with 
chalk marl ric^ in silica. It was poinSed out thirty years ago by 
Michaeli^ an^ Schott that the alumina in cement mixtures might'be 


Waste. 

'Calcium carbon'’te, . '. 

\ Calcium hydrat'd, . . it ■ 

i.Tagnc.sium carbonate, 

Muguosium hydrate, ^ . 

Silica. 

Oxic\eR of* iron and alumina. 

Sulphur,. 

AlkalicH,. 

Total, . . . . 
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replaced l»y iron yxide, e^nce the fer»ito of lime and the manganite of 
liivc harden just as well under water a.s*the aluminate of line, and 
Portland cement made under these ‘i^nditions il no longer Jic.'Klh to 
thfe formation of the double salt, the silicate of lime and alumiif!f,*whicfi 
crystallises with a relatively large^ percewtage of water and with a 
considerable increase of volume, and which, owi#g to its •high per¬ 
centage of lime in combination with the alumina, is pecu'iarly exposed 
to the attacks of the magnesium sulphate present in sea-v. ater. 

Py the selection of suitable ingredients riclf in iron or manganese, 
which are incorporated with chalk marl containing very little magnesia 
and alumina, but with a high percentage of active Silica, Portland 
cement may be produced by the dry process and calcined in rotary 
kilns. 1 he mixture is so made that troni two to three equivalents of 
lime are added to one equivalent of the hydraulic factors, SiOj + K„0.,. 

The mixture must be burnt to a clinkering heat, but as the calcium 
ferrites sinter at a lower temperature than the ordinary Portland 
materials, the cost of fuel is less than under the old process. The 
sidero cement clinker varies in colour from brown-black to black, and 
when ground it produces a light brown or a chocolate-brown powder, or, 
if rich in manganese, the powder will be black-brown in colour. The 
specific gravity is higher than is the case with the ordinary Portland 
cements, and may run from 3-25 to 3-35, and may even reach 3-44; this 
is due to the large percentage of iron present. 

rile chemical composition of the ore cement is indicated by the 
following analyses ;— 



A. 

n. 

C. j P. 

Silica, ..... 
Aluiitina, .... 

Oxide of iron, 

Oxide of manganese, 

Lime, • ® • 

Sulphate of lime, . 

Magnesia, .... 
Potash ai«il soda, \ Not 

Insoluble, J determined. 

21 -785 
4-431 
6-0G2 1 
1-814 / 
64-476 
0-888 
0-291 
• 

23-841 

2-862 

8-209 

62-8.30 

1-239 

0-554 

19-901 
3-548 
f9-643 1 
10 -150 i 
65-557 
0-602 
0-658 

22-243 

1 602 

11-138 

62-416 

0-995 

1-174 

99-747 

99-585 

100-059 

99-568 


Wherein one part by eveight of the hydraulic factors (silica and oxide of 
iron and alumina) is respectively combined with 1-890, 1-906 1-970 
and 1-8Q0 parts of lime. * ’ 

The cement is relatively, slow in setting, paobablj owing to the 
absence of the qpergetic action of the aluminate of lime, whel treated 
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with water; but after three days aii water, the material attains a con- 
siaerabl<^ degree of strength, itnd in the later stages of induration it even 
surpaVifvs Portland clment in itf Resistance to crushing stress, which is 
in closh\Vocord with the density of the mortar. * 

Sidero cement perfectly ^'vithstapds the action of sea-water, and it is 
also unacttd uppn bj soda, lime, magnesia, and by iron sulphate. It can 
be mixed with considerable quantities of gypsum without any sign o 
expansion or. disintegration, and it may be used with gmod effect with 
ordinary Portland ceme^it, to which it imparts an additional degree ot 
hydraulicity, and by this means the brown colour of the original cement 
may be varied to any shade from light grey to dark brown. 

The following figures indicate the resistance of the new cement to 
tensile and crushing stresses in lbs. per square inch. A and B are 
samples of neat cement, and C is cement mortar, with three parts of 
normal sand. Each result is the average of ten separate tests 


-- 

A. 

B. 

C. 1 

Age. 

Tension. 

Com- 

liression. 

Tfiision. 

Com¬ 

pression. 

Xunsiou. 

Com¬ 

pression. 

3 days, 

7 „ 

28 „ 

90 „ 

1 year, 

2 years. 

414 

714 

794 

965 

915 

861 

5.600 
11,243 
14,885 , 
16,285 
17,.5O0 
19,715 

415 

700 

857 

943 

971 

929 

10,714 

1,5,500 

16,057 

18,000 

20,113 

143 

207 

371 

4.57 

486 

5.57 

1,657 

3,114 

3,428 

5,915 

7,143 

8,757 


Tests which have been made with the sidero cement in sea-water 
show scarcely any traces of having been attacked, such as softening 
at the edges, blowing, or cracking, after exposure lor two years and 
it would appear that in this now material engineers have a reliable 
cement for marine constructions of all kinds. 
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CHAPTER XIX. 

THE PLASTER CEMENTS? 

Contents. —Plaster of Paris as a Coinont—Lo Chfttelier’s Experimejits—Prejjaration 
of Plaster—Plaster Kilns—Duraesnirs Improved Kiln—Coke-Ovens and Plas¬ 
ter Kilns—Use of Superheated Steam—Grinding of Plaster for Use—Ganging 
of Plaster—Researches by Laudrin and Le Cliiltelier—Use of Alum—Keene’s 
Cement—Martin’s Cement—Staff. * 

Plaster of Paris as a Cement.—A whole series of cements, which have 
as their sole or chief ingredient sulphate of lime or plaster of Paris, 
depend for their set or induration upon entirely different properties to 
those which influence this reaction in the case of cements prepared from 
carbonate of lime. Calcium sulphate is found in a natural state in a groat 
variety of forms, and is a substance of very common occurrence. As 
gy])suni, the hydrated sulphate, tiie state in which it is perhaps most 
widely distributed, it contains in each 100 parts 32-60 of lime, 46-.'50 of 
sulphuric acid, and 20-90 parts of water, the chemical formula being 
CaOSO.. 1 211^0. There are numerous varieties of gypsum, some of them 
being trans|iarent and crystalline as in selenite, some amorphous, and 
some fine grained and compact as in alabaster and plaster stone. 

Calcic sulphate also occurs more rarely in the anhydrous state, devoid 
of water, when it is known as anhydrite, and it then consists of a 
crystalline mass with a regular cleavage into rectangular prisms. This 
mineral has not, so far as we know, been employed for industrial 
purposes. 

Properties of Calcic Sulphate,—Sulphate of lime has a specific 
gravity of 2'31. It is slightly soluble in water (much more so than the 
carbonate). At a temperature of 60° P., 1 part of sulphate of lime will 
dissolve in about 490 parts of water. As the temperature rises the 
Bolubilit]* increases until the wat* reaches 100-4° F., when the solubility 
again decreases. At the boiling point 1 part of sulphate will be con¬ 
tained in 671 parts of water, but by long-continued exposure to warm 
w^ter the proportions may be varied somewhat considerably, and sul¬ 
phate freshly ’precipitated is more soluble than gypsum. The raw 
gypsum or plasWr stone is less soluble, moreover, than that which has 
been calcined. Thp industrial value of the sulphate of lime consists in 
the faQt that the 2 equfv8,lents of water with which we have seen that it 
is oombinetf may be expelled at a temperature of,about 392° F. A large 
part of this water may be driven off at a much lower*tempefature, and 
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where the material la reduced to powder find kept well stirred about 
three-fourths of the water may be 'expelled at t little below the boiling 
poin_^f water, or abc^it 205° f. , •. 

Chatelier’s Experimdats.—M. Le Chatelier, a French savant, 
who has recently carried out some interesting experiments in the dehy¬ 
dration of file plaster stone,^and whose observations were communicated 
to the Acadcmie des Sciences in 1883, has remarked that there are two 
distinct periods of rest during the j-rocess of expelling the water. His 
mode of demonstrating this fact was as follows :—Some pulverised gyp¬ 
sum was introduced into a hard glass tube, immersed in a paraffin bath, 
and gradually heated, the temperature being read off at regular intervals 
of time, by means of a thermometer imbedded in the plaster. By con¬ 
structing a curve, showing graphically the increase of temperature for 
regular periods of tim<‘, it was seen that the heat rose rapidly to 230” F., 
then more steadily from 230° to 248°, remained for some time nearly 
stationary between 248” and 260”, then rapidly increased between 266° 
and 284°. A second, but minor, halt in the process took place between 
320” and 338°. These two interruptions indicate the absorption of heat 
which accompanies the elimination of water, and point to the existence 
of two different hydrates, whose decomposition takes place at differing 
ranges of temperature. 

The first of these compounds is represented by the formula commonly 
used for gypinm—viz., a hydrate in which 1 part of the calcic sulphate 
is combined with 2 parts of water CaSO^-r 2 H 2 O. This substance parts 
with three-fourths of its water to form the second hydrate, in which 
2 parts of the sulphate are united to 1 equivalent of water, which 
compound would be represented by the formula 2(CaSO.,) + H„0. 

Commercial Plaster is a Hydrate.—The existence of this hydrate 
was clearly shown by M. Le Chatelier, for on heating for some time 
10 grammes of powdered gypsum at a temperature of 311” F., which 
is intermediate between that needed for the decomposition of the two 
forms of hydrate, he ascertained that the loss of weight was uniformly 
1-56 grammes, which corresponds very precisely with 1|^ equivalents of 
water, and from this it is clear that the compound thus obtained con¬ 
tains only half an equivalent of water, combined with the sulphate, or 
about 6'2 per cent. Ordinary commercial jdaster of Paris as pi-epared 
for use contains, as a rule, about 7 per cent, of water, and hence it 
consists almost exclusively of this particular hydrate. 

Plaster Burnt at High Temperatures.—On submitting the plaster 
to a temperature of 338° F. and upwards no change is apparent, so long as 
the’heat does not exceed 390” to 430”, but beyond this point the material" 
begins to lose certain of its essential properties. It ceases to absorb 
Water wit^■ avidity, and sets only after a long interval of time. If the ' 
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heat reaches 650° it cannot l|e gauged in thetordinyry way, and comports 
itself exactly lik% anhyd|-ite. In this e .ate it i < cermei ‘ dead-|;urned." 

.Overburnt Plaster Combines yerytlowly Wit’i Watei*—It has 
sometimes been asserted that plaster 1j|us treated Man no longer c^bine 
with water, but this is an error, as the hydration can still tak?*place^if 
tlie substance be reduced to a very Jne povrter; the proe. however, 
greatly retarded. On continuing the calci’iation *bf tl . piaster to the 
temperature of bright redness, the substance melts into*a vitreous paste, 
which forms a crystalline mass on cooling, having all the attributes of 
anhydrite, which is no doubt a native gypsum, dieted upon by volcanic or 
similar agencies. It is impossible to decompose this substance by heat, 
but if strongly heated in contact with charcoal, or in* the presence of 
decomposed organic matters, it loses part of its oxygen and is converted 
into calcium sulphide, which substance is in turn acted upon by carbonic 
acid and water, giving rise to the evolution of sulphuretted hydrogen gas. 
It is in this way that we are able to explain the presence of sulphuretted 
hydrogen gas in certain mineral waters, originally containing sulphate 
of lime in solution. When waters rich in dissolved sulphate of lime are 
used in boilers, or when sea water is employed, a dejiosit or scale is 
formed, which consists mainly of the hydrated sulphate with half an 
equivalent of water, or one in which water is present to the extent of 
some 6 or 7 per cent. The mean of several analyses of boiler-scale from a 
marine boiler show this substance to have the following percentage 
composition:— 


Carlwnato of lime, . . . . 

03 

Peroxide of iron, . . . . 

20 

Water, ...... 

5-8 

Sulphate of lime, . . . . 

. 91-9 


100 0 


Preparation of Plaster requires great nicety.—It will be evident 
from the foregoing observations that the preparation of plaster of Paris 
is a mafter of considerable nicety, amd that the degree of calcination 
nsquires attention and care, for while, on the one hand, too high a tem- 
peratureT produces a more or less inert substance; the failure to expel 
the water of hydration renders the material useless for moulding and 
casting, which, at any rate in this country, forms one of its chief uses. 
I» many parts^ of France coarse plaster takes the place of lime mortar, 
and impure sulphates, or those mixed with small quantities of slaked 
lime, appear to be well adapted for this purpose. Moreover, precautions 
must be taken in’bmjijng the plaster to avoid direct contact with the 
fire, aS cai^essness in this respect leads, as we have seen, to the forma¬ 
tion of calcium sulphide, a fery objectionable product.. 
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Preparation of 6 Plaster formerly jkractised.—The oldest and 
simplest,plan of burning plaster-stoiie, and the ot je which is still most com- 
monl^ eliiployed abroad is effected in a rude shed, enclosed on three sides 
by wad^Df brick or s'one, and rCh/fed in to protect the contents from the 
weather. As will be seen by Fig. 59, the floor is sometimes hollow, and 



Fig. 50.—Co\erc(l Hovel for Burning Gypsum. 


upon it the stone is built in a series of rough arches, x, x, x, disposed 
parallel to the main walls of the building; these arched flues are 
constructed of the largest lumps of stone, and immediately over them 
are placed the lumps next in size, the smaller pieces being next selected, 
and the size of the pieces of stone decreasing upwards as the heat from 
the fire diminishes, the top of all being covered in with dust and 
sweepings. Wood fires are then lighted in each flue, and these are 
regulated so as to produce a moderate heat, and they are kept going 
as steadily as possible in order to maintain an equable temperature 
throughout the entire mass of stone. -The flames pass upward," through 
the interstices of the material and drive off the moisture and the water 
of hydration, which escape in the form of dense vapours, and pass 
out through openings in the roof and in the upper part of the shed. 

Plaster Burnt with Coal.—When coal is employed id the osloinatfen, 
rude furnaces are formed in the arched spaces bene;ith-the floor, as seen 
at z, z, z in our illustration, and the flames pass through special apertures 
contrived in the tops of the arches. The firing is continued until the' 
arch stones at the base of the mass show yisible redness, s£y for about 
twelve hoqrs, aftdr which the fires are drawn and the plaster is allowed ^ 
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to cool slowly. It will retfclily be seen tlfit thiS plan is a very nn- 
soientifio one, for Vhile die (up layers avj ‘n barely deprived*of thoir 
rom'bined water, the lumps ibrining* the voussoWs of the arch^ aie 
ov^rburnt, and yield a partially if not wholly iillrt plaster, spij»e 
of every care also, it is impossible to preveni. the formation of a certain 
percentage of calcium sulphide, whicA gives rise to^ihe ui jiir^isant smell 
of sulphuretted hydrogen always apjiareiit when plasU'i made in this 
way is gauged with water, and the presence of this sulphide is very 
unfavourable to the setting of the compound. 

Preparation of Plaster in the Vicinity of Paris.—A much better 
system of dehydration is that practised in the vicinity of Paris, for 
which a kiln is em|)loyed somewhat resembling in form those used for 



Fig. 60.—Transverse Section of the Dnmesnil Kiln. Fig. 61.—Plan of Plaster Kiln. 


lime, but furnished with an arched cavity at the base, formed of fire¬ 
bricks and pierced with openings for the passage of the flame and heat. 
In a suitable kiln of this description the heat can be more evenly 
distributed, but it has the same objection as the one wo have jireviously 
noticed, ijj that the bottom layers deceive much more heat than those at 
the top, and the product, even with the utmost care, is never uniform 
throughout. 

Plaster Kiln of I.mproved Construction.—A kiln which is much 
better in principle, in that the heat is under more complete control, 
and can be imparted ^ore evenly to the whole of the contents, is that 
invented by M. Diyuesnil, shown in Pigs. 60 and Cl. This kiln is 
circular, in ]jlan and haS ^ central furnace, D, above which is the fire 
chamber, G, formed of fire-biiick and furnished wjth twelve openings at 
F, F, F ^ the flame passes from the furnace into the chamber, G, by 
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curved flues, seen ill sectten at E, E. iboh of the openings at F is 
cpnneotpd with a radiating ^flue, M, construotpd with lumps of plaster 
builjt itfto the form of an arch. 4-bove these flues the stone is arraiiged 
in laygiit, 11, S, T, thiP larger piedts of stone being placed near the bottom 
and the smaller fragments in the upper layers. The top of the kiln is 
arched, ana has one central and four smaller flues, all of which can be 
closed by means oi* dampers. In the arched roof, L, L, is an orifi< e, 
N, for filling the top of the kiln, while a door in one side serves for 
emptying and loading. The stoke-hole is shown at H, and the ashpit 
at I. In burning this*kiln, which is 20 feet in diameter and 13 feet 
to the top of the arch, the contents are dehydrated by means of a 
moderate fire in about twelve hours, and then the fires are extinguished 
and an extra charge of 6 or 7 cubic yards of stone is added above the 
top layers, after which all the openings are closed, and the heat of 
the former charge is sufficient to eli'ect the dehydration of the topping. 
The contents of this kiln are found to be about 45 cubic yards. The 
kiln is economical to work in the matter of fuel-consumption, and the 
products are fairly uniform in quality, but the first cost of its erection 
is very considerable. 

Other methods of Burning Plaster Stone.—Various other plana 
for burning plaster stone have been from time to time introduced, some 
of them with a fair measure of success. Thus the waste gases from coke 
ovens have been utilised to heat the stone, and the arrangement of the 
kilns and ovens for this purpose is shown by Figs. 62 and 63. Here 
A, A, A ai-e coke ovens of an ordinary type which discharge their 
surplus heat into a collecting flue, B. This flue communicates with a 
subsidiary flue, C, leading to the plaster kilns, D, D, D. It is possible, 
by means of dampers at E, E, E, to turn the heat into any one or 
more of a series of kilns. The floors of the kilns are perforated, and the 
flames pass up into the charge of plaster stone, which is piled up to a 
considerable height. The steam and waste heat finally escape by 
means of a collecting flue running along the tops of the kilns into the 
chimney, P. 

Use of Superheated Steam.—Superheated steam and gas have also 
been employed successfully. When steam is used it is raised to a tem¬ 
perature of about 390° F. and blown alternately into each of two chambers 
filled with raw stone. The high tempei’ature of the steam rapidly 
abstracts the water of hydration and leaves the plaster in a cond»tion 
ready for grinding. Some experiments upon a small oscale conducted by 
Mons. Violette led him to the conclusion that 3 cwts. of gypsum could 
be dehydrated in three hours by a current^ of superheated steaih, 
amounting in weight to about 132 lbs. 

Sevenl profcesses have been brought forward for dealing with, th^ 
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plaster stone in continuous kilns, or “ running cilrfe,” resi mbling some¬ 
what those used hy limejburners, and a prj>ce!-i of roasti ig in cylindecs 
caused to rotate, or furnished with a,creeper or sniral screw, I!) i^g to 
move the plaster continuously forwarlAfrora o> s to the o«jpr, hjjy 
also been tried. Many of these ])lans have resulted in the production of 
plaster of good and uniform quality^and fr?e from liie iMpir ties and 
ir.fperfections arising from the crude and unskilled proegbsrs m common 
use. 



Fig. 62.—Section through Cc.nbined Coko Ovoiis and’Kilna. 



Fig. —Plan showing Conihinod Coke Ovens and Idaster Kilns. 

Best plaster Prepared by First Grinding the Kaw Stone.—For 
plaster of the best description, capable of setting quickly, and ensuring hard 
and durable casts, moulders prefer to obtain the raw stone for themselves, 
and to grind the same t» a tine powder. This powder they then prepare 
for use by a so-called process of “ boiling.” The plaster meal is spread in 
a layer, some 2 or»3 inches in depth, upon a hot (date or in a shallow 
metal dish over a firtg; in a short time, wlien the teniperatnre approaches 
that ol .boilipg water, a'strange motion is communicated to the whole 
mass of the fnaterial, and tlje surface appears tg rise up bodily as if 
suspended by the aqueous vanoiir srivon nfF Vw flip Inme? l»yer». Little 
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openings or craters 'are fortned all over thd*surface, and the steam passes 
off freely, mingled with fi^e dust. From ti^ae to time the plaster is 
stiu'etf, and care is Hken to avoid an excess of heat. When no further 
tovolutjlin of moisture takes plfe, which can be tested by holding over 
the sui'face a cold plate of glass or metal, to condense the steam, the heat 
is withdrawn, and the plaster is rEady for use. When prepared in this 
way the combmation with the water used for gauging takes place w‘5th 
great rapidity, and sound and hard casts are produced. 

Plaster Baked in Special Ovens.—Much of the plaster used in this 
country is baked in ovens, constructed on the principle of the baker’s 
oven. In this case the stone is broken into lumps about the size of a 
small hen’s egg, and is introduced into a well-heated oven, the tempera¬ 
ture being but little greater than that used in baking bread. It may be 
tested by inserting the hand, which should be able to bear the heat for 
two or three seconds. The oven is then closed up, and si)ecimens are 
from time to time withdrawn, to ascertain if the dehydration is complete, 
the baking may last from twelve to twenty hours. 'The man in charge of 
the operation is able to judge, by the colour .and appearance of the lump 
removed, if the water is expelled. Properly burnt stone exhibits on the 
white earthy fractured sui-face only a few bright specks here and there 
of crystalline particles, not completely deprived of the water of hydration. 
When the stone has been coo^ it is ready for grinding. 

The Grinding of Plaster for Use.—The grinding of plaster is a 
very simple matter, and almost any contrivance for this purpose will give 
good results. In some cases edge-runners or rollers are used, but the 
best meal is produced by mill-stones, such as are employed for grinding 
flour. Evenness and regularity of grain are most essential in the case of 
the best quality of plaster used for casting purposes. Such plaster has a 
soft, smooth feel to the touch, and sticks slightly to the fingers. It has, 
in fact, rather a tendency to cake together when compressed, while 
plaster which has not been suflaciently dehydrated has a dry and slightly 
gritty fooling. Overburnt plaster shows little tendency to aljsorb water, 
and cracks when made up with water. The ground plaster should be 
kept as far as possible from contact with the air, and not merely be 
placed in sacks, as is too often the case. The powder has a strong 
tendency to absorb moisture, after which it becomes slow-setting, and 
yields a less solid casting. In France heaps of plaster are sometimes 
kept in good condition for a long period (even for a'year) by sli|;htly 
wetting the outside of the mass with a watering (Sin. By this mean^ 
a preservative crust is formed which suffices tq protect the interior 
of the heap. " 

The Gauging of^Plaster.—The gauging of plaster, as'the mixing of 
the sanw with water is termed, always gives rise to an elevation of 



THE PLASTER CEMENTS. 


^69 

temperature, due to the hydnltion of t8e caldfum siflphate, and this is a 
similar reaction to*that wkich takes place wj^en lime is slaked. We have 
seen that, in accordance with the temperature at whidi it has becnt>uijBod, 
tl'&gypsum is more or less fully deprived of its wafer of hydrat^^, anjJ 
that its recombination with water tak.-s place with so much energy as to 
cause a considerable rise in the temperature of the^mass, T^jiere is, at 
thS same time, an increase in bulk, which may amount as much as 1 
per cent, in 24 hours after gauging. The volume of water eju ployed has 
some influence upon the rapidity of the set, and ^on the ultimate hard¬ 
ness of the plaster, but even with a very considerable excess of water 
the plaster has still the power of setting, wliich we know js not the case 
with quicklime. It is an axiom in plaster mixing that the plaster 
should be gradually introduced into the water used for gauging, and 
not the reverse as is sometimes the practice. While the mixture is 
being made the whole mass must be kept well stirred, by which means 
the formation of lumps and air-bubbles is avoided. The commonly 
received opinion respecting the setting of plaster is that the process 
is not only one of hydration, but that simultaneously a crystallisation 
of the mass takes place. The particles of the powder are converted 
into a porous network of crystals, which enclose in their interstices 
a certain proportion of the water containing sulphate of lime in solution. 
This water is held mechanically, and speedily evaporates, causing the 
dissolved sulphate to crystallise out, and thus adds to the hardness of 
the already-formed mass. 

M. Iiandrin’s Investigations into the Set of Plaster.—M. Landrin, 
who has investigated the behaviour of plaster with water microscopically, 
confirms this opinion, and assigns three distinct phases to the operation 
of setting. First, the plaster assumes on the contact with water a 
crystalline structure ; second, the surrounding water dissolves a portion 
of the sulphate of lime; and third, a part of the liquid evaporates, 
owing to the rise in temperature caused by this chemical action, a crystal 
is formed j,nd determines the crystallisation of the entire mass, in conse¬ 
quence of a phenomenon analogous to that which is observable when a 
crystal of^sodium sulphate, containing 10 molecules of water, is thrown 
into a saturated solution of that salt. 

M. Iio Chitelier’s Besearcbes.—It appears that in 1883 M. Le 
Ch^elier, in a communication upon this subject to the Acadfimie des 
Sciences, pointed out that a direct transformation, according to the theory 
hitherto accepted, fof tlie solid anhydrous sulphate of lime into the solid 
crystalline hydrateij sulphate, would constitute an exception to the 
general^law ^of crystalliskflon, and, moreover, the mere fact of crystallisa¬ 
tion would At necessarily entail the aggregation of the mass. Thus, for 
instance, calcium sulphate, precipitated b^ means of alcohol fiiom a con- 



270 


CALCAREOUS CEMENTS. 


centrated solution, presents a maximum amount of entanglement of tlie 
crystals’, but the precipitate^ when dried shoT^s no tendency to cohere 
togdiher into a solid fnass. 

» Theory as the Process of Setting.—In order, therefore, to 

account for the setting of piaster and ot other analogous substances, M. 
Le Cliatelier lias been compelled to formulate a new theory, based upon 
the phenomena'of supersaturation investig.ated by Marignac. 

Observations by M. Marignac.—This observer has shown that the 
hydrated calcium sulphate with half an equivalent of water, which remains 
undecomposed at a temperature of about 310” F., dissolves freely when 
shaken up with water, but that after a short interval the solution 
becomes turbid. This is due to the formation of a crystalline precipitate 
of the common hydrate with two equivalents of water, which has the 
formula of gypsum. The solution formed in the lirst case is five times 
as concentrated as that made from the less completely hydrated sulj>hate. 
It would appear from this that the most important agent in the accom¬ 
plishment of the setting process is the relatively soluble hydrate—namely, 
that with a small percentage of water. This hydrate is at once dissolved, 
and then gives rise to the formation of the other hydrate, with the full 
equivalent of water. This latter compound decreases the solubility of the 
mixture, and the water becomes supersaturated with the CaS 0 ^ 2 H 20 
hydrate, which crystalliscis ou<« This process continues so long as there 
remains any of tin; soluble hydrate [ 2 (CaS 0 ^)H 20 ] to fortify the solution. 

The set of jdaster is thus the lawsuit of two distinct series of opera¬ 
tions, which take place simultaneously ; first the particles of calcium sul¬ 
phate in the act of hydration are dissolved in the water used to gauge 
them and produce a sup(;rsaturated solution; the solution thus formed 
deposits crystals of the hydrated sulphate. These crystals gradually 
increase in size, and form a compact mass, in the same way as do all 
similar crystals dejmsited slowly from a saline solution, and this process 
is continued as long as any of the more anhydrous sulphate remains 
available to become dissolved and to keep the solution supersaturated. 

Connection between this Process and the Induration of 
Cements.—This theory has, we belieVe, a somewhat important bearing 
on the set of calcium silicates, and the transference of the soluble lime to 
the crystalline silicates may take place in a somewh.at similar way. 
It is on this account that we have reproduced, at some length,.the 
valuable remarks of M. Duquesnay in the Encyclopidie Ckimique 
treating of this subject. “ 

Substances used to Improve Plaster.—It has long been known that 
a'variety of substances are capable of imparting to the somew hat soft and 
friable composition of, the set plaster a greatly increased hardness and 
consequeifu durability, Gay-I^iussac has pointed out that the hardest 
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cr’ide gypsnm yields, after calcination and reduction to a powder, the 
hardest casts. Thfs same property, so far iiFjinoruar was concern^, was; 
as have seen, erroneously ascribed te dense and Ijird limestones. AVe 
leuKi from Tissot that if burnt gypsuifl, afier itftiaf becomcysftc, bj^ 
repeatedly steeped in water and allowed to di^ between eacli soaking, it 
will greatly improve the crystallisatiifu of tlie tuass,and will/result in 
a much harder casting. If six (larts of jdaster are intimately mixed 
with one part of freshly-slaked lime and used fijr casting piirposes, and 
the object when made is steeped in a concentratec^solution of magnesium 
sulphate, it becomes so hard, when dry, that it can scarcely lie scratched 
with the finger nail. Various silicates in solution, as•“ water-glass,” 
may also be used to harden plaster of Paris. 

Alum used with Plaster.—The most common method, however, of 
hardening plaster depends upon the employment with it of alum, under 
a plan proposed, in the first instance, by Pauware, and improved upon 
subseiiuently by Greenwood. Alum may be used in two ways, either 
the finished casting may be steeped in a strong solution of alum, and 
then be slowly dried in a current of warm air—a process which needs at 
least a month in the bath—or the lumps of plaster when withdrawn 
from the kiln may be treated with a solution of alum, and then again 
raised to a red heat in a suitable kiln or oven. The heat in this second 
burning must be much greater than that needed for the dehydration of 
the gypsum. It is very necessary also that the heat during this second 
firing should be steady and uniform. The lumps when properly burnt 
have a dull milk-white or oven a pale yellowish tint, but if the calcination 
is carried too far the lumps become as hard as stone, and are very 
difficult to reduce to powder. A composition of gypsum and alum, 
burnt at the requisite temperature, is readily ground, and when pul¬ 
verised and gauged with water sets as rapidly as common plaster, but 
the resulting cement is not remarkably hard, unless the water employed 
consists of a solution of alum, containing from yL to ylj by weight of 
alum. Th# casts obtained by this process continue to give off moisture 
or to “ sweat” for a longer period than those made with ordinary plaster, 
but they acquire in time a degree* of hardness comparable with that of 
alabaster or even marble, and they are capable of receiving a high polish. 
The surface has a creamy tint, and objects cast in this alum plaster, 
bein^ much less soluble, will bear exposure to the weather, and will 
even resist the prolonged action of boiling water. It has been observed 
that these casting? ai^ to some extent semi-transparent, and transmit 
a certain amount of light through the thinner portions. 

Th& Theory of the Action of Alum.—Various reasons have been 
alleged for this action of ali»m on plaster. Pay$n supposed that the 
induration was qwing to the formation of ^ double sulphate of 4ime and 
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potash, the crystals 'jf which were einbedd'd in a precipitate of alumina, 
hut thii surmise has been^controverted by Che investigations of M. 
Laa^rih, who found by the analysis of numerous specimens of plaster 
treated vith alum, iLth of FreiCoh and English manufacture, that these 
substances were almost absolutely pure and free from alumina and 
potash. The results he olStained 'are seen in the accompanying table. 
Nos. 1 and 4 arp French samples, and Nos. 2 and 3 are of English ma'he. 


Alum Cement. 

•Sulphate of 
Lime. 

Cnrhoimto 
ot Lime. 

1 

1 Silica. 

1 

Water. 

Total. 

1, 

96-75 

1 -05 

1 

; 0*72 

1-48 

100 

2, 

98-19 

0-41 


140 

100 

3, 

98-02 

0-37 

1 0-42 

1-19 

100 

4, . . 

98-05 

0-.S6 

[ 0-51 

i 

1-08 

100 


New Theory by M. Landrin.—Seeing th.it these samples were all so 
free from water, it may be assumed that they were in each case burned 
at a high temperature, and the absence of potash and alumina led M.. 
Landrin to propound an entirely different hypothesis. He came to the 
conclusion that the action of the alum was caused by its contents in 
sulphuric acid, rather than by the bases present therein, and that this 
acid led to the conversion of the carbonate of lime into a sulphate of 
lime. In order to ascertain the accuracy of this surmise, he made use, 
in the first place, of a number of soluble sulphates, such as the sulphates 
of soda, potash, and ammonia, and caused them to act upon common 
plaster. He took care to employ only the precise amount of each of 
those substances which would furnish the supply of sulphuric acid needed 
to act upon the carbonate of lime, and he obtained precisely the same 
results as with alum. Parallel experiments, with sulphuric acid alone, 
gave, as ho anticipated, corresponding results, and he was thus enabled 
to indicate a new process for the preparation of alum-plasters. All that 
is needed to impart the same degree of hardness as that due to the use 
of alum is to steep the raw plaster stone for about a qtiarter of an hour 
in a 10 per cent, solution of sulphuric acid and then to fire itj^at a dull 
red heat. By this means he obtained an excellent plaster cement, which 
left nothing to be desired in point of hardness, and which was sufficiently 
slow-setting. Moreover, the effect of the dilute .acid was to destroy all 
traces of organic matter (always found in the raw gy'psum, and w£ioh 
tend to give it a greyish colour), and to bleach it yiost perfectly, so that 
the resulting cement was exceptionally white and pure. 

. Importance of Expelling the Acid.—It must be rememberedi m 
connection with this ^process, that it is absolutely essentid, that all the 
uncombined acid should bo expelled, as even slight traces of sulphjaric. 
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acid would render the plas^r mrre^r lesli hygiftisoopio and liable to 
attract water. 3he burjjiing should, bn this account, be carried# out at a 
temperature of from 1,080° to 1,200° Fahrenheit. As the eifoijt ff adding 
the alum is, as we have tin s seen, naerelv to aitmcnt the a)h^punt^of 
calcium sulphate present in tb^ plaste , we can only attribute^the slow¬ 
ness of the set to the influence of the higfi temperature at which it is 
leirned, and there is thus a complete uniformity of acilon fietween the 
alum or sulphate plaster and that prepared in the ordinarj way. 

Keene’s Cement.—Several other plaster cements haveLecome widely 
known in this country, and they are for the most part prep.ared in a 
similar way to that we have described in the case pf M. Landrin’s 
process, only using a different .solution. Keene’s cement 's made by 
steeping the calcined stone in a strong solution of borax and cream of 
tartar. The liquor is composed of 1 part of borax and 1 part of cream 
of tartar, dissolved in about 18 parts of water. In this solution the 
plaster in the lump, as withdrawn from the oven, is allowed to remain 
until it is thoroughly impregnatcsd with the salts. It is then taken out, 
dried, and reburned at a temperature of dull redness for about six or 
eight hours. When cool it is ground to a fine powder, and it is ready 
for use. It is found that borax alone gives equally good results, and the 
more concentrated the solution into which the plaster is introduced 
the slower is the ultimate set. Thus, if to 1 part of a saturated solution 
of borax we add 12 parts of water, and employ this liquid as the bath, 
the set will take place in about fifteen minutes; but if only 8 parts of 
water be used, the cement will take at least an hour to set; and if 4 
volumes of water be used, the cement will only become set after the 
expiration of several hours. The manufacture of Keating’s cement is 
similar in all respects to the process employed by Keene. 

Martin’s Cement.—In the preparation of Martin’s cement the solu¬ 
tion employed is one of carbonate of potash, the stages of the manufacture 
being similar to those already described. For Parian cement, the bath 
employed may contain borax, but we understand that it is also prepared 
by calcining an intimate mixture of powdered gypsum and dry borax, 
which mixture is subsequently aground to a fine powder, which con¬ 
stitutes ^lie finished cement. 

Respecting the chemistry involved in the production of these cements, 
Knapp remarks that their action is probably due to the fact that one 
eqilivalent of water contained in the gypsum is capable of being replaced 
by a saline comfiound^ and that possibly these substances have the power 
of completely taking the place of a portion of the water, and thus giving 
rise to the greater degree of hardness attained by the compound. A 
solution of Vrtrate of potash and soda (Seignette salt) causes plaster to 
set instantaneously. The indurated mass has the*appeat'anoe ordinary 
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gypsum, but it possesses the property, whf .1 it is repulverised, of again 
becoming hard when moistened with a solution of a salt of potash. 
Knapp’s'*theory, it may be remarked, does not agree with that of M. 
Ltjindriri. Many of hese reactions are very interesting, and merit 
further study, which might lead to important industrial results. 

Staff.—It seems j necessary, see’ng the vast extent to which this 
material is now employed for the purposes of decoration, and even Lr 
the construction of buildings of a temporary character, to say something 
of staff, which is a species of fibrous i)laster, or i>laster of Paris toughened 
and bound together witli tow. In England this substance is generally 
known as fibrous plaster, as this was the name given to it by its inventor, 
Desachy, a Erench modeller, who took out a patent for it in IS.IC. It 
seems doubtful whether this was really a new invention at that time, 
but it has come to be very widely used for ornann'ntal purposes, and at 
the Paris Exhibition of 1878 many of the most imposing structures 
relied ujion this material for their decorative treatment, and tlie fibrous 
plaster was still more largely employed in 1900. The ordinary staff is 
made of jdastcr and Manila fibre, and the mixture is generally used upon 
a backing of coarse canvas, of very open texture, called “scrim.” Any 
cheap fibre may be used, and for fireproof purposes the plaster may be 
incorporated with asbestos. For some purposes it is mixed with slag- 
wool or coke breeze. The raoujds bt most cases are made of gelatine on 
a plaster core. It is claimed that alum water applied to the mould at 
the time of casting hardens its surface, and c-tuses the jilaster to set 
more quickly ; this would be in accordance with what has been pre¬ 
viously stated with respect to alum solutions. 
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CHAPTER XX. 

SPECIFICATIONS FOR PORTLAND CEMENT. 

Contents. — Diflorences prevalent in SpecifieatiouH — Fine (irindliig—Weight Test— 
Board of Works Sj»ccification—Mr. (Jrant’s Proposed S 2 )ccifioation—Mr. 
Michele’s Sjieoifieatiou—Spocilications for Manchester, Salford, Blackpool, 
and 1’oilmordej). 

Differences Prevalent in Specifications.—There are few subjects con¬ 
cerning which English engineers are more at variance than cement 
specifications. In the course of a discussion upon this question at the 
Institution of Civil Rngineers in 1880, Mr. William Gostting, the well- 
known manufacturer, gave the following examples of diversities of 
opinion of various engineers, as shown in the three cardinal tests of 
fineness, weight, and tensile strength. As will he seen, he analysed for 
this purpose 21 specifications:— 

1, Fineness, 

I» 3 specifications, no nientJon of finoncfis, 
a ,, finely ground. 

1 >» finely ground. 

2 ,, extrcniel 3 ^ finely ground. 

2 ,, residue not to exceed 10 per cent, with sieve of 1,600 meshes per 

square inch. 

1 ,, residue not to exceed 20 per cent, with sieve of 2,500 meshes per 

square ineh. 

1 ,, residue not to exceed 15 per cent, witli sieve of 2,500 meshes per 

square inch. 

1 ,, residue not to exceed 10 per cent, with sieve of 2,500 meshes per 

square inch. 

1 ,, 90 per cent, to pass through a sieve having apertures of not more 

thau.^o inch in diameter. 

* ,, no residue on passing through a sieve of 50 meshes to lineal inch. 

1 ,, 80^)er»c*oiit. to pas.s through sieve 5,800 meshes per square inch. 

1 ,, 85 ,, ,, 5,800 „ „ 

1 ,, fineness to»bc satisfactory to inspector; unsatisfactory if tests 

• m|ulo from screened cement are stronger than those made from 

—• unscreened. 

21 specifications,^with 1.3 varieties of test. 
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Differenoes as rfcspeets- Fine Q-rindin^.—It was scarcely necessary, 
he said, to point out the inconvenience of requibing fin* grinding merely 
in gflneral terms. Such spccilications betrayed an inadequate estimate 
of the .value of fine p -inding, an.l opened a wide field for disputes. Of 
the other specifications, two imlicated the use of sieves of 40 wires per 
lineal inch and three required sieOes of 50 wires. In using these the 
percentages varied, and only one specification demanded complete sifting. 
An important sjiecification, lately issued, assumed either that there was 
no ajipreciable Uifforencb" between screened and unscreened cement, if 
finely ground, or that, if there, was a diflerenee, unscreened cement W'as 
the stronger, ass.'imptions which were open to question. Then there was, 
as we see, an attempt to introduce the use of sieves of 5,800 meshes to 
the S(]uare inch, hitherto unused by the trade in England. All recent 
investigations in (rermany and England demonstrate the importance of 
fine grinding, and surely it is time that this fact should be recognised, 
and that a uniform system, reconciling practice and theory, should bo 
established and applied in drawing specifications. , 

2. ]V<‘\riht ;;<?>' hutshd. 

In 1 spccifioiition not less tlian ItH) lbs. por striked imperial liushcL 

1 M 110 „ 

8 .. .. Ilif „ 

1 „ #iI4 „ 

4 „ „ 11.') 

1 11 I. UK >, ,, 

1 ,, about 118 ,, ,, ,, 

1 ,, not less than 108 ,, nor more than 11 o lbs. por imp. bushel. 

1 .. .. 112 „ „ 118 „ 

2 ,, without any reference to weiglit. 

■ 21 specifications, containing 10 varieties of tests. 

Variations in the Weight Test.—Sixteen of these specifications 
placed no limit to excess of weight per bushel, merely guarding against 
undue lightness. One specification demanded a specified weight, and 
two specifications only adopted the more rational method of confining 
the weight within definite limits. There was no guiding principle 
apparent. The fact that the weight should bear a definite relation to the 
strength and fineness was not recognised, and weight of itself appeared 
to be deemed an indication of quality. The new spe.ification^ "of one 
important public body discarded the test of weight entirely, rightly 
deciding that fineness of grinding and strength were the true tests. 
Assuredly if this test was to he retained, sons kind of scale by which 
the relation between the weight and strength might b< determined 
should be adopted. 
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^ ^ ft 

3. Tensile hreak%%g strain^ f^eveM dnys after gaugvn<j. 


n 1 specification not less than 200 lbs. per 8<(. 

, ur 450 lbs. per 2} in^ Buction 

•1 

„ 250 „ 

SOW „ 

2 

>> -07 „ 

OOi ' 

5 


675 „ 

1 

„ 311 

• 700 „ 

1 

„ 33S „ 

750* „ . * 

2 

350 „ 

7871 ,, * „ 

2 

„ 350 „ 

^00 ,, » ,, 

1 

„ 378 „ 

•S50* „ 

2 

„ 400 „ 

OOO „ 

1 

„ 444 „ 

1,000 „ , „ 


cement gauged with tlircc times its weight of ^nd, to stand a 
strain of 140 lbs. per square inch twenty-eight days after 
making briquettes. 

cement gaiigcid with 3 parts sand, to bear 150 lbs. per square inch 
twonty-eiglit days after gauging, if the cement sots neat in less 
than two hours, and 170 11)8. per S(iuare inch if taking more 
than two hours to set. 


21 specifications, embracing 13 varieties of tests. 

Actual Points of Difference in the Twenty-one Specifications.— 
Thus in these 21 specifications there were 37 variations in the tests, and 
as a great number of specifications would doubtless add to these varia¬ 
tions, and admit of the three tests being combined differently, it becomes 
difficult to estimate the number of varieties in actual use. 

Everyone who has had to do with Portland cement testing thinks 
himself able to devise a .series of tests, and in the absence of any 
standard specification we obtain all these wearisome and vexatious 
differences of opinion. 

Board of Works Specification.—One of the latest specifications of 
the former Metropolitan Board of Works read as follows :— 

“ The whole of the cement for these works, and herein referred to, is to be 
Portland cement of the host (piality, ground so fine that the residue on a sieve of 
5,800 mesiius to the square im h (equal to about 76 per lineal inch) shall not exceed 
15 per cent.* by weight. When testqj:!, should the proijortion which will not x^aas 
through the sieve bo greater, a (piantity of neat cement, equal to such excess, shall 
be added (at the contractor’s exi^cnso), to the specified proportions of all cement, 
mortar, or concrete used upon tho works. When brought upon the works it is 
immediately to be put jfito a dry shed or store, which the contractor shall provide 
fo? the purpose, naving a wooden floor and ail necessary subdivisions. Tho cement 
is to be emptied oul«ux)qn tho floor, every 10 tons being kept separate, and it is not 
to be used until it has been tested by samples taken from diflerent sacks. The 
cement is to be gaujjhd yi^h three times its weight of dry sand, wliich Has been 
passech thro^h a sieve of 400 and boon retainetl upon one of 900 meshes to the 

-^--—^ 

* London County Council specification, 10 per cent. 
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square inch. Tlie cement and sand having heen vjdl mixed dr}', about 10 per cent, 
of their -weight of water is to bo added, .-.nd briquettes formed jii moulds of 1 inch 
sectional ai’wi at tlio weakest poii*.. The briquettes, having in the meantime been 
kept m a damp atino.sphc^rc, arc to be pat into water twenty-four hours after they 
hayp l-JCCii niadc, and reiiu n in w’ater until their tensile strength is te.stcd by means 
of apparatus belonging to the Hoard and by tVeir otlicers. These briquettes must 
bear, witliout breaking, a weigl-fl. of *2.S(»'ilbs.* per square inch, twenty-eight days 
after the bri(j\iotttv havh been made ; and the ecment neat must not, at anj' seasc i 
of the year, set in less than one hour. Any oomont wdiicli does not answer tlie 
reijuiremenls will be reiect,..!, and must be forthwith removed tVom the works. 
Briquettes of neat cement s';a!l also be made and broken after seven days, as may 
bo directed by tlie engineer. Their limit of resistance and Llic \veight of tlie ecment 
shall also give results to Ins ajiproval. The ecment store to bo provided w'lth a 
Chubb's patent lock and key, to be obtained and fixed by tlie Board.” 

The specification issued by tlie London County Council is, with a 
few trifling exceptions, to some of wliich we have drawn attention by 
footnotes, almost identical with the above. Tliey state, ho-wever, that— 

“Besides these mechanical tests, the cement W'ill he tested as to its chemical 
character and as to the specific gravity, which is not to be less than 3*10.” ' 

There is also a note in the following terms :— 

“To secure due jirogrebs the contractor shall, immediately after the contract is 
signed, piwure and deliver on to the site ol the worksasUiek of cement sufficient 
for carrying on the works for at least five weeks, and at all times, until their 
approaching completion, .sUayt kee]) stored on the w'ork.s a quantity e(pial to five 
weeks’ eonsumptiuii.” 

We, no doubt, owe all of these specifications to Mr. Grant, and it 
is, therefore, advisable, while we are on this branch of the subject, to 
reproduce the skeleton form of specification wdiich he appended to liis 
paper at the Institution of Oivil Ehgineers in 1880. 

Mp. Grant’s Form of Speeifleatiem for Portland Cement. 

CeMK.VT-MoRTAR Ai<I) CON(!RETR. 

“ PorOaml Camuil. —Tlio whole of the cement for these works, and herein 
referred to, is to be Portland cement of the best quality,t ground so fine that the 
residue on a sieve of X meshes to the square inch shall not Imj more than ^ § 
per cent, by weight. Should the residue be greater, a quantity of cc»'iont pro¬ 
portionate to such excess must be added. When brought upon the works it is to 


* L. C. C. specification, 250 lbs. per square inch is applied at the rate of *200 llw. 
per minute. 

tHere, if desired, the words may be inserted “weighing net loss than 112 lbs. 
to the bushel.” 

+ Either 6,400 meshes to the square inch = 80 to the lipeal inch, or 5,806 per square 
inch = 76*2 to the lineal inch, which corresponds with 900 per square evniimetre. 

§The residue may bo either 20 per cent, as in tl 3 German rules, or 10 pw cent, 
as in their pnclice. * 
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be put into a dry slied or store '^^hioli tljo ^.ntractAr is trtprovide for the purpose, 
having a wooden Hopr and all necessary aiJnlivisions. Xlie cenioiit is to ^>o emptied 
oub upon the floor, every | ] bushels being kept separate, and i* is iiot«to b^ lUiied 

until it has been tested by samples taken ffo;n dii’i'ix-nt sa;‘ks. 

• Teatiny. —The cement is to be gauged ^fith three tii^s its weight thy sjnd, 
which has passed through a sieve dt 400, and been retaiijod upon one of 900 meshes 
to the 8(jiiarc inch. Tljc eeiuent and san Jihaving i?eon well mixed dvy^ about 10 per 
iftnt. of their weight of water is to be added, and briqueftes hfrnieff in moulds of 
1 incli sectional area at the weakest part. Thu briquettes having in the meantime 
been kept in a diiuip atniospliere are to be put into '•ateg- twent;f-four liours after 
they have been made, and remain in water until theii^ tensile strength is tested by 
means of apparatus belonging to tlie Board, and by their oflioors. All cement that, 
wlum neat, sets in loss than two hours, must bear without breaking, wlien subjected 
to this test, a weight of * lbs., and if it take from two to five hou^s to set neat, it 
must bear a breaking w eight of [I70| lbs. per s(£uare inch twenty-eight days after the 
briquettes have been made. If not, it will be rejected, and must he forthw’ith re¬ 
moved from the works, t 

Cemenf-morfar. — Uhe cement hereinbefore described, excepting as Iierein other¬ 
wise speeifled, shall for moi*tar bo mixed in tlie proportion of 1 bushel or J12 lbs.+ of 
ccnioiit to [two I bushels of sand. 

“ Cfinenl Coaa-tie ,—Tlie whole of the concrete to be used throughout tlio w'orks 
is to be formed of Imperial bush»^ls or cvvts. of 112 lbs. of Jkjrtland cement to 

1 cubic yard of ballast. The materials lo be Uinieil over three times in a dry state ; 
the water then to be added, and the mass turned over three or four times more ami 
thoroughly iiiteriiiixcd.” 

Specification proposed by Mr. V. de Michele.—Mr. V. de Michtde, 
an engineer of great experience, and a manufacturer of cement, has 
proposed the following very concise tests, which lie considers would be 
sufficient if embodied in a specification to “ensure Portland cement of 
the highest quality at market rates ” :— 

Pats ^-ineli thick in water, absolutely sound at 7 days. 

Tensile strength, 400 lbs. per square in<;h at 7 days. 

Fineness, 10 per cent, residue on a 50 sieve. 

Note .—The pats to be gauged on glass, immersed in water immediately, and left 
there for the whole period. One pat to each three bricks. 

The ^st bricks to be gauged by a skilled man, wdth any quantity of w’ater, in 
any way he likes. The average of three to l>o taken, wliicli sliall represent about 
100 tons or less. The strain to be applied as <piick1y as possible. 

The sieve to have 2,500 holes per square inch, and to be of w^ire of an inch 
in diameter. Shaking to be cont inued until nothing ground in the mill passes. 

•Here insert eithor/142 lbs. = the German minimum of 10 kilogrammes i)er 
sq^re centimetre, or a higher number, especially if the cement, neat, takes more 
than two hours to sqfc. ^ 

tif a test for neat cement is inserted, the following words may be added hero— 
“tested neat, the ceiftent^i^ust bear a tensile strain of at least 400 lbs. per square 
inch, after saven days, six of them in water; and 650 or GOO lbs. per square inch 
after twenty*ight days, twentjj^cven of them in water.” 

$The contractor may either measure or weigh tlie cement. 




280 


"CALCAREOUS CEMENTS. 


There is no doub; that from the mami/’acturer's point of view such 
tests would be deemed sufficient, nut wo consider tho test of fineness 
altogether too lenient, while the immersion of the pat in water directly 
it is mmll' is only practicable in tie case of quick-setting cements. 

Some’ English Speoiflcations for ^Portland Cement.—As indi¬ 
cating the wide difference 't)f opin’on that still exists on this subject 
we append a few recent specifications for the supply of cement. 

City of blauchester—Rivers Department. 

Specijic (imrity. —Not less than 3*05. 

FhnudAn.—XW. jhall pass through a sieve of 1,COO meshes per scpiare inch, not 
leaving more than 5 per cent, residue on a sieve of 2,500 nieshcs per square inch, or 
more tlian 10 per cent, on a sieve of 5,625 meshes per square inch. 

Ttmile —Test blocks or briquettes shall Ik.* made with 20 per cent, of 

water, and the mixture sliull Iks jilaced in a mould, without ramming, and kept for 
twenty-four hours in a moist atmosphere at not less than 40” F., and afterwards 
placed in water at a tetuperatnre of not less than 40” F. 

These hri(|uettes shall hear a stress lieforc breaking of not less than 350 lbs. ficr 
square inch after seven days, and not less than 450 Ihs. per scjuare inch after fourteen 
days. 

The moulds shall be filled with a steel-pointed trow’el 3^ inches long, and no 
other instrument shall be used for filling them. Any ramming of the cement into 
the moulds by hand or any other instrument sliall n»)t he permilted. 

—The cement thull, i#hcn mixwl in pals -with 20 per cent, of clean water, 
take not less than two liours nor more than eiglit liouix to .set liard. 

Similar pats of neat cement, sulijected immediately they are made 
to a moist heat of 91to 100” F., and as soon as set placed in w^atcr at a temperature 
of 100“ to 110” F. shall not show any signs of hlow'ing after forty-eight hours’ 
immersion. 

Chemical Analynis. —A sample of the cement shall not contain more than 1^ per 
cent, of magnesia, 1| per cent, of sulphuric acid, and 2 per cent, of insoluble residue. 
The loss on ignition shall not exceeii 2 per cent. 

The lime shall not he less than 58 per cent, nor more than 62 per cent., and the 
iron oxide and alumina together not more than 12 per cent. 

AfWtesion.—The cement, when made into a pat of 3 inches diameter and I inch 
thick, shall, after the expiration of seven days, adhere firmly to the natutal surface 
of a Welsh slate, the slate having been soaked in water prior to the applicatioq of 
the cement, and having been kept moist duriitg the interval. 

Expamion and Htathu/.—Thc cement shall not be considered ready for use if, 
when made into a paste and put into a test tube, it shrinks away from the sides in 
setting, or if the test tube be cracked in so doing, or if the rise in temperature be 
greater than 6® F. during one hour after mixing. 

City of Manchester—Tramway Department. 

Weight per Bushel .—Not less than 110 lbs. nor 'n’ore than 117 lbs. to the 
Imperial striked bushel when filled by a Faijas machine. » 

, Finenem .—Not more t^an 5 per cent, residue “yn a sieve of, 5,625 meshes per 

square iijch.<, * 
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Tevsilc Strength. —Briquettes %iadc with*,! lojist^lS j)cr ient. and not more than 
27 per cent, by weigl'i. of frc|h water sJ.all* bear a tensile strain of not than 
420 ll^s. per square incli after being exposed to tie air for six hours in«a In^id 
atmosphere at a temperature of 00° F., and subsoiiuently in.merscd in wa^ for six 
daj%. The moulds shall be filled witli a steel-poinied tro'‘^*l inches loi^*and 90 
other instrument shall be used in filling them. ^ 

Soundnem .—Pats of neat cement subjccAjd immediately they art nia(^ to a moist 
heJt of 90“ to 100“ F., and as soon as set placed in water of a tem^jeratiirc of 100“ to 
110“ F., shall not show sigTis of blowing after forty-eight hours’ immersion. 

County Borough of Salford—Tramwaj^ Committee. 

Fineness. —Samples of cement shall be sifted tlirougli a No. 180 mesh sieve— 
t.e., 32,400 boles per sijuarc inch—and shall not leave a rcsi<lue oi more than 9 per 
cent. 

• 

Tensile, Samples of pure cement will be gauged with water, and placed 

in the brass moulds used by the Corporation. Within ^wciity-foiir hours the casts 
thus made will be immersed in .still water, in which they will remain for seven days 
from (late of moulding, wlien they will be taken out of the water and tested to 
ascertain their tensile strength, which must not be less tlian 1,120 lbs. on a sectional 
area of 2^ square inches — t.e ., inches by 1A incliea K(]uare. 

Time of t^ct(imj.—ln order to ascertain the time of setting, a modification of 
Vicat’s needle will be used, having an area of 1,400th part of a square; inch, and a 
total weight of 2^ lbs. 

Slow-setting cement must take an impression from this needle when standing 
vertically upon it at any time within three hours after moulding. Quick-setting 
cement must take the impression only during the first half-hour. 

Corporation of Blackpool—Sea Wall and Promenade Extension. 

Tensile Tisis. —An averogc of not le.ss than three test briquettes from every 
10 tons of cement shall stand not less than 350 lbs. ]>er square inch (Amold’s test) 
after being twenty-four hours in moist air and afterwards six days in water, and 
no briquette shall stand less than 3tH) lbs. per scjuarc iiicli. 

Hot-imter Test. —An average of not less tlian three test briquettes for every 
10 tons of cement, made of one cement to three of sand, after being twenty-four 
hours in air and six days in water at 170° F., shall give no indications of unsoundness 
or cracking. 

ifintiiess. —Ninety-five per cent, of the cement shall pass through a sieve 
containing ^,800 holes per square inch, and there sliall be not less than 42 |>er 
cent, of impalpable Hour as tested by the flouromoter. 

6eWMi(/.^PatB made of neat cement to set in not less than twenty minutes or 
more than one hour. 

Soundness. —Cement mixed with water to the consistency of treacle when put 
into a bottle shall not fracture the l>ottle and shall not becoino loose. 

^flhcsion. —A pg-t of cement 3 inches in diameter and A inch thick shall, after 
seven days, adhere firmly to the natural surface of a Welsh slate. 

• • 

Todmorden Corporation Water Works. 

Fintmsa. —The cement sliall be proved to have been uniformly and sufficiently 
ground By sie samples thereof through a sieve, the gauze of which shall weigh 
about 3*36 ozs. per 6(;[uare foot, Sid have meshes of 50 larass wyes per lineal inch 
through which at Ipaat 95 per cent, of such cement sliall pass freely. 
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Te\mh Streii^th. —rengtlt, hriquotlos of 1 ^{uare inch minimum section shall 
be mode in suitable moulds without .xnj’ abrupt angles, aqd should any mould 
become enlarged or otherwise di. orted, such mould suall Ikj forthwith i*ojected, and 
a proper mould substitute<l thorcfoi*. ’^Six of such briquettes shall be moulded at 
the saif.c^liiue from a ni-^-cture made Ut discretion from each 10 tons or thereabeuta, 
and after being moulded sball be kept in a df'mp atmosphere fur about twenty-four 
hours, and shall then for about five dayt be kept in water. Alwut seven daj^s after 
moulding tile uliimate tensile slrcnglh of each inch briquette shall be aseertai lod 
by loading continuously and at a uniform rat^ of about 3 lbs. per second, ar 1 at 
least one out < the six hi' .uettes shall sustain without fracture a weight of 400 lbs. 
for not less than one minut‘\ 

SionvdncHu or Condition. —10 ozs. of cement sball rapidly mixed around the 
naked bulb of a Mcnsitive tlicrmomctor witli 3 ozs. of water in a wiiite glazed jar 
(about 4 iiiejies deej) and 3^ inches internal diameter, with the inside bottom 
approximately hemispherical), the cement, the water, the vessels and any other 
apiKiratiis used having been jireviously brought to the same tom])craturo as that of 
the air of the room in wiiieb the test is conducted, and the jar and its contents shall 
bo protected from draughts during the test, and the rise of temperature of tlio 
<*t!ment witliin lifteeii minutes of the mixing shall not exceed 2“ F. nor within sixty 
minutes 4° F. / 

This, we believe, is Mr. (1. F. Deacon's specification. 

We hesitate, wiili all these differences of opinion, to give our own 
views as to a model S})ecificatioii. We can only hope that unanimity 
may ere long be established, an<l that the ailoption of a uniform system 
of testing may lead to use of a stantlard form of specification. Quite 
recently the Cement Section of the American Society for Testing 
Materials has issued a report on standard specifications for cement. 
This report we give in Appendix D. 
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Appendix B.—The fiffeets of Sea Water on Cement. 

• * • * ^ 

Wc may summarise Mr. Ctitoy’s remarks on the of fca ♦vale.’ as 

He put?the case thus, “The (juantity of mag»l%si im ji sea water, present as^ehloride 
and sulphate, amounts to 0*00 per edit, by woi^it. Jn a ix'ious mass oi oSiK^’ele,/ 
precipitation of the salts of magnesia irakos place, soin'’ of tlie lime of Jhe cement 
being at the same time dissolved. On thegme sidefit is hel l lliat th.’j-’*' salts (/f 
inngfcsia, filling the jKji’es and interstices of tin* eimereic, s^bscegr'itly undergo a 
change of \oluine, protlueing disintegration. On the other hand, it asserted that 
tlieso precipitates are abholut(’ly iimrt, and do not in anv .IJPy^iHeet tfte strength of 
the concrete.” 'J'hc views of Dr. Miehaelis respecting ii^. • injuries likely to arise 
from the presence of niagnesiuin salts {from cjuitc another aspect), are (jnoled and it 
is admitted that he regards tlm rejection of cement containing over 5 per cent, of 
magnesia as tadvisable, owing to the aei<1s Avith which this IwMly is co*ibined. Dr. 
Michaclis lias, liowevcr, reported that Portland cements in which “magnesium was 
present to the extent of 20 per cent, were under his oksciration for ten years and 
showed no signs of flaw.” Special tests ma<le to determine the action of magnesia 
led Dr. Miehaelis to regard this substance as a spccic-s of adulterant, when it took 
the place of a corresponding percentage of lime. He states that it is not actiA'cly 
useful in cements, but that it <loes not lead to changes of volume greater tlian those 
which iiocur in normal cement Avith up to 11 per cent, of this material, even u licn 
present to the extent of IS or 20 j)cr cent. Mr. Mossent’s views arc quoted, and lie 
asserts that the failures at Aberdeen Averc neither due to the use of cement of defec¬ 
tive (juality, nor to the i*raclicc of regaiiging and breaking iq) partially set comaete 
which hod not been resorted to upon this jiart of the works. He attributes the 
^ injuries to tlio porous nature of the coating of the blocks, and ho brings forward the 
theory of tlic deposition of magnesia from sea Avater, its consequent expansion and 
hence the disruption ot the work. 

Mr. Carey conducted a aeries of experiments to test the action of sea Avntcr on 
cement, and for this purpose ho made 120 briquettes, some with neat cement and 
some with 1 part of cement to 2, 3, and 4 parts of sand. An equal number of tests 
was made of each aeries, and the whole of them Averc place<l in a wooden cage and 
secured at the level of low Avater of ordinary spring tides at the pier-liead at New- 
haven Harbour forty-eight hours after gauging. Tlicy were thus exposed not only to 
a constantly varying pressure due to the tidal movement, but also to the action of 
the waves at low water. Tliey were all carefully Aveighed and f-ubniorged for periods 
which ■Varied as follows:—Fourteen days, twenty-eight days, tliree months, and six 
months. Th*y were then surface dried by exposure in the air and weighed afresh. 
The results are summarised in the following table and arc somewhat contradictory, 
for, as will 1^ seen, there is a slight gain flf aliout 5 per cent, in fourteen da 3 ’s, wliile 
at twenty-eight days and at throe months there would seem to be a reduction in 
weight which is made good, however, at the end of tAVclve months:— 


Table showing Increased Weight ov Cement Briquettes. 


PaOPOKTlONS. ^ 

^ 14 Days. j 28 Days. 

3 Months. 

C Months. 


, Per cent. . Ter cc*nt. 

Per cent. 

Per cent* 

Neat,. 

' , i’UH ! 2’<55) 

l-if) 

12'W 

Itol, .... 

4‘rs i 2-28 

(>•38 

D-67 

lto2, . .♦ . . 1 

6-00 2-25 

(>■51 

fi-29 

1 to 3, . 

C’l(% * 2-2.^ 

j 

1 

j • 

l()-2 

1 to 4, ... 

4D7 • 2’4’i 

12'77 

• 
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In apite of tiieae flvetuatio) s in the weight, the strength of the briquettes steadily 
increase^ with age, thougli most of the tlu'ce months’ tests show a small falling off; 
tiiys eqval parts of cement aiK!" sand gave on an avci.tge 255 lha. per s(iuaro inch at 
fourteen days, 291 at twenty-eight days, 299 at three months, and 348 lbs. at six 
rponth's. With two parts of sand tlfo briquettes broke at 123, 1(16, 185, and 242 lbs. 
respectively. Another aeries of tests was inaftuted by Mr. Carey to show the effect 
u[)on the strength of the cement of ueip j sea water alone, and diluted with distilled 
water, or c^neciitrateu by partial evaporation. 

The following table gives the result, the mean of six tests in each case, using 20 
per cent, of \v^tcr and i. 1. cement:— 


Test Briquette-s, 1" x 1", made ui* with Salt Water. 


WiCor. 


, 

2 

S 

0 

1 

' 0 

12 

1 

month. 

imiiUhs. 

luonths. 

months. 

‘ luunths. 

months. 

FvcHh wat«‘r, 

1 


525 

t:>o 

IMH) 

_ . 

949 

678 

i distilled wiittT, 

1 Bcu water,. 

i‘ 1 

r.27 

542 

000 

(•..'lO 

905 

.592 

I (listilleil water, 
t sea water,. 

: :;! 

542 

.5.50 

020 

750 

, 950 

575 

Sea water, 25 per 
evaporated, . 

<‘Cllt. ) 1 
• ‘ 

542i 

m 

590 

580 

1 890 

ooa 

Sea water, 50 per 
evaporated, . 

cent.) ' 

■ ■'* 1 

541 

540 

S(MI 

850 

1 970 

405 


Mr. Carey states that the cement was not checked or cnickcd in any way, but in 
the ca.se oi both series of ex])eriment8 was houihI and well burnt. It was so ground 
as to leave a residue <»f alsmt 10 p^r cent, on the 50 >. 50 mesh sieve. I'he most 
noticeable fcaiure in the above table is the remarkable effect of using strong brine, 
as evinced by tiie excellence of the tests at 3, 6, and 9 months, and the singular fall¬ 
ing off iji tensile strength of all the samples at the end of the 12 months, pointing, 
we should think, to some defect in the constitution of the cement. It would have 
been interesting to know how the cement behaved after the lapse of two or more years. 

As Mr. Carey rom.irks, “ the real point at issue is whether the salts of magnesia, 
wliich are admittedly fle]>ositcd from the sea in porous concrete structures, are or are 
not inert.” Arguing from tlie fact that magnesian limestone when used in largo 
cities, wliere the rain brings down sulphate of ammonia, is chemically acted upon, 
and decomposed into magnesium sulphate, which latter is deposited in the form of 
crystals, and causes disintegration, he advises that in situations where ammoaia may 
he brought into contact with concrete, it is desirable to use fresh water for gauging, 
and to discard cements containing a high percentage of magnesia. On the other 
hand, concrete wade of sound and well bit'rnt cement, varying from I to part by 
volume and gauged with sea water, has been used *'r many existing structures in 
tlie sea, which have exhibited no signs of deterioration throughout a long term of 
years. There is, he thinks, “no conclusive evidence to prove that the precipitates 
from sea water induce disintegration of even fissured or porous concrete ” when sound 
cement has been employed. * 

In the Aberdeen concrete it is clear that free causti'^ line was present and was 
washed out of the concrete, while magnesia, in the form of magnesium hydrate, was 
precipitated, leading to the elimination of lime as ca^ dum chloride and sulphate, but 
we learn nothing more from these facts than that lime is an unstable and solnldo 
body,.and that it shouli^ not form any considera^ le projicrtiori of a uurable concret^ . 
The cxpecicnce 0^ Aberdeen has proved infact this much and no more:—That,“An 
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excess of caustic lime or caustic nui^mesia (1) (iisintegi^tion the expansion 

due to hydration, andylhat (2), being solublejthese substances, when conditions are 
favourable, may l>e washed out, leaving the concreti^in a iion^y-combed sta^.’’ ^ ^ 
Mr. Smith devotes liis attention entirely *o the v irk^ at Aberdeen, and after a 
brief account of the concrete construction of xfte do( Ks, hc.poin^s out tlrft*iinme 
diately after completion considerable|leakag4 was notic'd co.-ii.tg throiiglf the iion- 
crctc walle, and that soon after the entrance|valls bt^an to swell, some t)ie large 
blocks showing signs of bulging. As the damage apjieareil ^o hoMiio ehcmical 
action in the Portland cement, Prof. Braziiu*, of ylbeitleen Universfty, ' as consulted 


on the subject, and in a report dated June, 1887, he co-!a^’i^ed tliis»oihiiion. He 
states that:— * 


“ Ihe analyses of the series of diseomposed ceini'nls show jx remarkable dilfercnce 
to th(5 original cement, inasmuch as in all these samples tlnu'c is found a large quan¬ 
tity of magnesia, and a large proj)ortion of tlie lime in the form of ^-arbonatc. I 
believe tliis alteration is brought about entirely by tlie action of sea water upon the 
cement. There is no other source for either the magnesia o’’ the oai'bonie amd.” 

The following tabh* shows the composition of tin; original cement, and of samples 
of tlu; dc<;omposed cements : — 
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Aluimiin atid oxide of iron, 

i:m() 

20-70 

28-42 

1-0.0 

i-.^-i 

21-00 

Silica,. 


lS-04 

i»-5r> 

1-3.-1 

1-31 


Curhoiiate <tf lime, 

tf-is 

(COl 

10-78 

4.0 72 

3.0 12 

:wos 

Hjilvate of lime, . 

11 •2() 

3()-f>4 

1 (>•{)! 

27-8.0 

17-17 

Hydrate of inaKiiesia, . 


13-07 

1.0-08 

21-03 


0-94 

SiilplMinc acid, . 

0-S2 

2-SIS 

4-23 

1 32 

0 IH) 

4 89 

MiujnfHia, .... 
SoliiMe in water,. 

o:j3 

1T>(» 


1-71 

3 71 

12 OS" 

(-‘austio lime. 

45-3!) 







ll)0-00 

100‘fK) 

ion-(10 

100-01 

loo-oo 

100-00 


We may obsmwe with respect to these analyses that both in the case of the original 
cement and the deteriorated concrete there arc many matters whieli we are (piite 
unable to reconcile; the lime is, however, present in the cement in what we must 
deem to be <t dangerous excess. 

In addition to these analyses, Prof. Brazier carried out a scries of experiments with 
specimens erf the cement digested in various solutions. The cement for these tests 
was obtained by breaking down a briquette, sifting out and rejecting th(‘ fine powder, 
and reserving for trial pii^ecs about the size of a large-grained shot. In each ease, 
200 grains of cement tied up in small muslin bags were siiiiendcd in 20 oz.s. (1 imperial 
pint)%f the various fluids—1. Distilled water. 2. Solution of magnesium chloride 
containing 31 grains, eijuivalent to 13’05 grains of magnesia, the average proportion 
of this salt found in sea water. 3. yulutioii of magnesium chloride of double the 
above strength, 62 graiuiP to the pint. 4. Solution t>f magnesium sulphate, eoutain- 
ing the s^me equivalent of nfagnesia as No. 2. 5. Solution of magnesium sulphate of • 


* Carbonate of magnesia. 
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double the abole str^gtii. 6 Soa water, specific gravity 1’036, containing mag¬ 
nesium salts eqiiiv.’Jent to IS’.'IT gi-ains, jf maguosin per imiierirl pint. 7. Sea water, 
spoeiuien, uiul a sohyiion of ciiloriilo of soUiuin—250 grains per imperial 

pint. 

^ 'i'lit u’Vnunt sflinples^’cmaiuoil various solutions for about three raoiitha, 

and it Viis tlicii found tliat No. J, tlic distirtcfl water, was but little altered. In 
No. 2, ncarjy the whole of tlieMissolvc^ magnesia had been removed, and the clear 
lii|uid contained ‘ 14*b‘2*^rains of lime per pint. No. 3 had also lost nearly the ^^-lole 
of its magnesia, its place being taken by 26-04 grains of lime. Very much the siime 
action ^cut oh in tlie,‘:-a t,of the magnesiuni sulphate solutions 4 and 5, except that 
the aiuoiuit of magnesia ro,-'ioved from solution and replaced by lime was relatively 
.smaller. In tin; sea water tests, again, the magnesia pre.sent had been to a great 
extent i)recipitatpd; No. 0 showing a loss of 14-16 grains, and No. 7, 14-72 grains. 
Ilut little agt^ion took place with the salt solution No. S. These experiments 
certainly ayipcar to oonhrm tlie opinion expressed by iVofcssor Brazier that the 
magnesium salts in tlic sea water have a dangerous action upon tlic lime compounds 
of the cement in i|uestion, Imt jt must be lairnc in mind tliat M'c liave no guarantee 
that the J'ortland cement itsidf was originally of good (piality, and contained its 
lime in stable comhiuation with the silica. The analysis of the original cement 
{wliieli was unforlunalely made from a stale samjile) sliows only that tlie percentage 
of lime was very high (63-1 if the water and carbonio acid are eliminated). I’he 
disappearance of the silica, iron, and alumina in the fourth and fifth specimens, given 
in our table on p. 285, is extremely puzzling. 

Kxpenmeiits made by Mr. Vattins<»n, of Newcastle-upon-Tyne, agreed in all 
respects witli the above, and lie suggested certain investigations, subsequently 
carrieil out by Mr. Smith, to lest^thf* jKumeabdity of cement eoncrett', as it was 
thought thui the sea passing in arid out through the porous coiicro(.c at every tide 
would hasten the destructive action. These exjierimcuts led Mr. Smith to formulate 
the following tlicorics, viz. I'liat in onler to obtain an impermeable concrete (1) 
the cement must 1 k! finely gi-ound ; (2) it sliould not be weaker than 1 of cement to 
0 of sand and stones ; and (3) the concrete should have sufficient time to set (at least 
tliree months) before the application of the pressure, due to a column of sea water. 

t’rofessor Brazier, moreover, believed that the observed expansion of the eoncrelo 
in (piestion was due to tlie substitution of magnesiuni hydrate and calcium sulphate, 
for the lime therein originally combined with carbonic acid. Mr. Smith states 
apparently on his authority—“ I'hcre is no doubt that in permeable concrete the 
whole of the lime forms a base on which carbonic acid and the salts contained in 
the sea water act chemically, that the resulting deyiosit occupies a large! space than 
the lime base, and that the force of chemical action exceeds the adhesive power 
of the cement, thus eficeting the rupture of*the mortar, and expansion <?f tho mass 
of concrete.’* 

It will be evident that a source of danger is herein indicated if we admit that 
the ecnicnt compounds, consisting of liydrated silicates of lime, and not to any great 
extent of free lime, or carbonate of lime, as assumed by Mr. Sni’th, are Uable«io l>© 
attacked and damaged by tho salts found in sea water. Numerous instances are, 
however, on record where cement concrete has withstood'for a long seriew of years 
the influence of sea water, not only under a groat tidal rupge, but under the still 
nfqre trying action of alternate periods of submersion ifrthe sea, and exposure to the 
air. In many of tlie great dock and harliour works wc havt examples of I^rtland 
Hjemenli concrete, wjxieh fa" upwavrls of forty ycar6*‘have resisted most perfectly the 
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attaokft of sea w«itor, ami there can bo but lit-ilc dout^t in tbc^uiiHU^ot all unbiased 
observers that in a well-made san^Ie of ^o.-liand ee’iiont, u'heii onec propter/}' 
indurated as a hydi .ted doubJlj bilicato of lime aiid^alununaj^we possess a jjiatei^i^ 
<j .itc iiAaetcd upon bj^ sea water. The failnw of •ertoui specimens of eonerete can, 
we t^jink, in every ease be assigned oitner to miAakes i i the inanuf jeturo, 4oifcts in 
tlie quality, or imperfections ni the moije of iisi tg tl.c CLtJdit.^ 


Appendix C.—German Standard 

StANTJ\RI)S roii TJ115 UiJlFOUM DELIVlillY AN]> TlOSTlNO^I" PoilTLANO CeMKNT. 

h}x'f>lanafion of Whaf in iiwh^rstood /<// l^orfkmd —Portland eemeiit is a 

material resulting from tln^ calcination, carried to the point of incipient fusion, of 
an intimate admixture ot linie and argillaceous substance's us its c.lstuitiul coni* 
poiients ; such calcination being followed by the grinding of the proiluct to tho 
liaeness of flour. 

I. Pac'kaces and Weioiit. 

Portland cement must, as a ride, be ])af5ked in standurd-si/.ed casks weighing 
180 kilogramiiH's gross, and 170 kilogrammes mdt. (397 lbs. and 375 liis.), and in half¬ 
sized standard casks of 90 kilogrammes gross, and 85 kilogrammes nett (199 and 188 
lbs.). 'J'b(‘ gross M’cigbt must be clearly marked on tbo casks. 

Tf the cement is wanted in other sized casks or in sacks the gross weight must bo 
plainly indicated in figures upon each pui'kage. 

Leakages, as al.so variations in indiviilual jxiekages, must not exceed 2 iier cent. 
The casks and sacks imist boar, in addition to tlio weights, the name of the firm or 
the factory trade mark of the maker plainly indicatoil on each. 

Facts t« nupporf of 1.—Both in the interests of tho jmrehaser, and also to ensure 
sound business, tho adoption of a uniform weight (for ixiekages) is urgently recpiired. 
For this purpose, by far the most usual, and as respciHs the commercial world, the 
almost universal weight of 180 kilogrammes tare = about 400 lbs. Kiiglish has been 
selected. 

11. Time neeukd to Set. 

In accordance with the purpose for which it is requircil Portland eciiient may be 
furnished to set citlier slowly or rapidly. 

Suejj cements are to be regarded as slow-setting, which take two hours and more 
to become set. 

Jixj.ilanatS'ns (o II.—In order to determine the pcrioil needed to sot, in the case 
of slow setting cements, a sample of the neat cement is stirred for three minutes 
with water into tho form of a still paste, but for quick-setting cements the stirring 
is to be for one minute only. The mixture must then be spread on a glass plate 
at a single operation in the form of a pat about centinu tres (J incli) thick, but 
thinning out at the edges. The consistonoy of the cement paste needed for this pat 
is to (il such that when placed upon the plate, with a spatula, a few taps upon the 
glass suffice to cause th^ rntyis to flow out to a thin edge ; for this purpose from 27 to 
30 per cent, of water will generally suffice. As soon as (he j»at has become hard 
enough to withstand a gontl^o^pressure with the finger-nail the cement is tA be 
5 t 

* This trauHution waS made b^ the Author of tho First Edition of this work, in 
which edition it was first published in 1895. 


288 


CALCAREOUS CEMENTS. 


regarded as bating become set. In order to ascertain precisely the setting time^ 
and to determine tlie beginning of tho^set, whi^i (as the cement must be worked up 
Uefore ^ne sot begins) is a matter of importance in thf. cose of quick-setting cements, 
a normal needle of 30U grammes (10^ ozs.) weight is employed, winch has a flat end 
with tf, i>c;pcrficial area of 1 squarg millimetre (O’OIS square inch). This surface 
being at' right angles 'lO the axis, a metal jing of 4 centimetres in height and 8 
centimetres in clear dianiotor«(U inclics and .3 inches) is placed on a glass plate, 
filled with* ceult^nt p.V’to, gauged as above, and placed beneath the needle. ^ The 
interval of time '»vhieh elapses between the gauging and that wlton the needle is no 
longer able tq j)enct ratq entire depth of the paste, is regarded as that needed for 
the beginning of tlio set, a^id the time wliicli expires until the needle will no longer 
produce auy iiotewoilhy impression on the hanlened surface is tlie time reipnred for 
ilie set. As the sotting of cement is iiilliuinced by llio air-temperature and by that 
of tlio water used for gauging ])urposcs, in that the higher is the temperature the 
more rapid is the sol, and the lower tlie temperature the longer is tlie time needed 
fur setting, it ia advisable, in order to tihtain uniformity in the results, to conduct 
the oliservations at a mean temperature of air and water of from 15” to 18” Celsius 
(59" to 04-4” R). 

During tlie set tln'ie should be no percejitililo evolution of beat in the case of 
slow-sotting cements, wliilo, on the other hand, quick-setting cements may mauifost ^ 
a notable increase in temperature. 

Portland cement becomes by long storage slower in set, and inereasos in tensile 
strength, if it be kept in dry places, free from draughts. Ihc still widely prevailing 
opinion that Portland eoinem/ deteriorates in quality by long keeping is, therefore, 
orroiioous, and eonlraet clauses which specify the em]iloyment ()nly of fresh e< meiit 
should he abandoned. 

i 

III. FkKEDOM iKOM OllANOE IN VOJ-VME. 

Portland cement must bo constant in volume. The decisive test of this quality 
shall 1)0 that a pat of noat cement, placed on a glass plate and protected from too 
rapid drying, immersed in water at the cm! of twenty-four hours, and kept under 
constant observation for a longer period, shall manifest no tendency to crumble or to 
show signs of splitting at the edges. 

Kxi>lanatiom to III.—In carrying out tliis tcs|,, the pat prepared to determine 
the time needed for setting sliouhi, after the lapse of twenty-four hours in the ease 
of slow-setting cements, but in any case only after the pat has become set, bo placed 
in water. In tho case of (piick-aetting cements, the pats may go into water in an 
oven shorter period of time. The pats of slow-setting cement must, uwiil they shall 
have become set, be })rotectcd from draughts and sunshine; this may best bo donc.^ 
by putting thorn into a covered box, or by*\)laciiig them beneath a damp cloth. By 
this means the formation of hair-cracks, due to —ulukage in rapid drying, will be 
avoided; such cracks generally apjiear in tlic centre of the pat, and are liable to be 
mistaken by unskilled observers for cracks caused by blowing. 

If during the process of induration under water any cruni,bling takes plueo, or 
if eracks become manifest, tliis undoubtedly denotes the blowing of the cement; 
that is to say, that in eonsequoiicc of its volumetric expihision the cement becomes 
cracifed and a gradual disintegration of the first-formed cc^esion takes place, whlcdi 
•may ultimately lead to the complete disruption of'the mass. The indioatiens of 
blowing generally become apparent in the pats after abow- three ^Jays, but at all 
events observatiots oxter.di|ig over iw'onty-eight Hays are sufficient. 



APPENDIX C. 


IV. Fueness of Smuotna. 

PoHland cemeut is to be finely giound that tlie i.jsid^e from a sanijie of itfe 
i-ame passed through a sieve of 900 meshes p»r square centimetre (5,S06 per aq. ineli, 
or ^6 per lin. inch) shall not ©xceod 10 per edit. The diameter jof Iho^attA'e wire 
should bo equal to half the clear open^g of the mesh. * * * 

IJxpf^nafiojts fo IV.—In tlie case of e^h sievdtosv 100 grammos f.0-22 lb.) of 
ceu^nt are to be used. 

As cement is in nearly every instance employed witii sand, and^n so iie cases with 
large proportions of sand, while the cohesive strength of a .■ i^ple of mertar is greater 
just in proportion as the cement is finely ground (bocausg ntider those circumstances 
more particles of the cement come into action), the fineness of the grinding is of the 
utmost importance. It appears, therefore, to be evident that tVe fineness of the 
particles should bo uniformly checked by the use of a lino sieve of the^bove number 
of meshes to the inch. It would, however, be misleading if the quality of a cement 
wore to be determined alone by the fiiiotiess of the grinding, for inferior tender- 
burned cements are much oftener found to be well ground than good hard-burnt 
cements. The latter will, however, even if coarsely ground, possess a greater 
cohesive strength than the former. If the cement is to be used mixed with lime, it 
will be cxpcilieiit to employ hard-burnt cements extremely well ground, the relatively 
high cost of which will bo compensated for the manifest improvement of tlie 
mortar. 


V. Test to Ascertain the Stkkngth of the Cement. 

The cohesive strength of Portland cement must be ascertained by testing a mix¬ 
ture of cement and sand. The testing shotdd take place upon a uniform system both 
in tension and compression, and should be carried out witli test samples of the same 
shape and sectional area, and with similar apparatus. 

Together witli these tests it is expedient also to ascertain the cohesive strength 
of the neat cement. 

The tensile tests are to be carried out with briquettes, having a sectional area at 
the point of fracture of 6 square centimetres (0775 square inch); in the tests for 
compression cubes should be used, having sides 50 square centimetres in area (775 
square inches). 

Facts in support o/V .—As it is impossible uniformly to pronounce an opinion 
upon the cohesive strength of a sample of cement when employed with sand by moans 
of experiments conducted with that cement without sand, particularly when it be¬ 
comes necessary to compare the cements of different makers, it is, therefore, imiiera- 
tive to test the cement along with sand. 

The testing of neat cement is to be advocated when it is required to prove the 
value of I^rtland cement as compared with mixed cements and other hydraulic 
binding materials, because, on account of its high tensile strength when used neat, in 
which respect it surpasses all other similar materials, it shows to greater advantage 
teste^thus than when tested with sand. 

Although the proportional strength under conipression and under tension differs 
in the case of variou8«binding agents, it is, nevertheless, customary to employ the 
tensile strength as indicative of the value of the different hydraulic cements. This, 
however, leads to an unfair vfiuation of their properties. And further, wher^s in 
all practical aji^icationi of mortar the resistance to compression is the first consider*' 
ation, it is onfy these latter testsawhich can be relied uj^n to furnish really con* 
elusive results. ^ * - 
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To secure tho'’n6C68^'vry uniformity in the tests it is advisable to make use of the 
same description of testing apparatus an(^ tools as 'those employed in the Royal Test¬ 
ing ‘^taticfn at Charlott^nburg, Bplin (see Fig. 57, p. 213). 

VI, Tests under ,Tension and Compression. 

Slow-sCtting Portlaiid cement shall, whe^ tested with 3 parts by weight of 
standard sand, after a period of twenty-eight days iuduration—one day in air and 
twenty-seved’ dayt in wiltcr—attain a minimum tensile strength of 16 kilogrammosi'^er 
square centimetre (227 lbs. per square inch). The strength under compression shall 
bo at least 160 Uilogrammi;^ per square centimetre (2,275 lbs. per square inch). In tho 
case of quick-setting cements tho tensile strength after twenty-eight days is gener¬ 
ally inferior to tho above. It is, therefore, necessary, when stipulating tho amount 
of tensile strength.- to indic^^tc also the time needed for the sot. 

Ex^ilaiiaticfHf *.—As din'orent cements may vary very considerably as respects 
their power to unite sand, upon which property their industrial application mainly 
depends, it is imperatively necessary, in the comparison of several samples of 
cements, to test them with a large proportion of sand. It is assumed that the most 
suitable proportion for this purpose is 3 parts by weight of sand to 1 part of cement. 
Since it is with 3 parts of sand that the binding power of the cement comes 
adequately into play. 

Cement which exhibits a greater relative tensile strength as compared with the' 
crushing strain often manifests a superior capacity for uniting sand, and merits for 
this reason, as likewise for its greater strength with an equal amount of sand, to 
command an increased selling price. 

The standard tost under compression is that after twenty-eight days, since it is 
not possible when comparing several kinds of cements to properly ascertain the bind¬ 
ing capacity in a shorter period ^ time. Thus, for instance, after twenty-eight days 
the tests of different samplos of cements in compression may bo alike, whereas, after 
seven days only, there were important differences. The tensile strength at twenty- 
eight days constitutes tho decisive test on delivery of the cement. If, however, a 
check-test at seven days is needed, this may be secured by a preliminary tost when 
the ratio of tensile strength after seven days to that at twenty-eight days in the case 
of any given sample of cement has been determined. This preliminary test may also 
bo carried out with neat cement, when the proportionate strength of the neat cement 
to that with 3 parts of cement at twenty-eight dayja has lieen ascertained. 

It is advisable in all cases, when there is a possibility of so doing, to extend the 
tensile tests over a longer period, by means of cement samplos prepared beforehand 
for this purpose, in order to learn the behaviour of various cements dulling a longer 
periotl of induration. 

To attain uniformity in the results, it *'8 in all cases iiocossary to employ sand^ 
having grains of the same size and of the same quality. This normal sandSs prepared . 
as follows:—Tho purest possible quartz sand is >.u.Hii6d, dried, and passed through a 
sieve of 387 meshes per square inch to eliminate tho coarser particles, and then 
through one of 774 meshes per square inch to remove the finer particles. The^iok- 
ness of the wires not to excee<l 0*015 inch and 0*012 inch respectively. 

* As all samples of quartz sand when treated in the immr way do not manifest the 
same cohesive strength, it is necessary to ascertain whether the specimen of normal 
sand'employed gives uniform tensile tests with thosoobown in the case of the sand 
*' supplied for testing purposes under the authority of the German C^nent *Manufao^ 
turers* Association^ whic^ sand is also used at tbe Royal Testing Statioii at Char- 
lotftenburgv Berlin. 
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Description of the Tests employed to asce^-tair^the fTemilt ivrf Cofiesive Strength.— 
As it ^ important secure al solute uniformity in the results^in testing Jhe same 
eementSn different plaees, it it iinperativ'-Iy necoBsa|)i to uih»'c’most strictly to ^e 
rules (hat are hero indicaud. In order to obtain cor; ect averages at least ten test 
pieoes must be prepored for each set of exiicrimftiis. * 


Pbeuaeation or the CEMENi*tviTH Sand TE!y-PTE(;E8, 

Tensile Tests. The tensile test-pieces may be prepared either by hand or by 
mechanical means. 

(a) By Hand Worlc. —On the slicet of metal, or tl^jck glass^ serving for the 
formation of the test-pieces, must be placed five pieces of Idotting-paper saturated 
with water, and on those are laid the five moulds, also rinsed out vwth water. Then 
250 grammes (8*8 ozs.) of cement and 750 grammes (26*4 ozs.) of drj^ normal sand 
are weiglied out, and well mixed together in a basin. To this mixture must now be 
added 100 c.c. = 100 grammes {3-52 ozs.) of pure fresh water, and the whole mass is 
then briskly stirred for five minutes. The five moulds are then filled with the 
mortar thus prepared, which is pressed into them, and well heaped up into a 
curved form above the top, liy means of an iron spatula, having a surface of 
2| X 1| inches, 13 inches in length, and weighing ozs. (Fig. 55, p. 217), the 
mortar is tapped softly near the edges to begin with, and then gra<lually harder, 
so as to drive it down into the mould, until the whole mass becomes elastic, and 
water appears on the surface. It is absolutely necessary to continue Uie process 
of the filling-in of the moulds until this stage is reached, which will need about 
one minute per mould. It will not do to introduce a second supply of mortar and to 
beat that down, because it is essential to keep the test-pieces made with the same 
kind of cement at different testing stations identical in point of density. The super¬ 
fluous cement is then struck off with a knife, and the surface is polished over with 
the same. Then the mould is carefully removed, and the lost-pieces are placed in 
a l)OX, lined with zinc and provided with a cover, in order to avoid unequal desic¬ 
cation, caused by variations in the temperature. Twenty-four hours after they are 
mafle, the test-pieces must be placecl in water, and care must be taken to keep 
them covered with water during the whole period of induration. 

(/>) Preparation by Mechanical Means.—After the mould, with the fdling-box 
attached to it, has been securely fastened to tlie bottom plate by means of the two 
thumb-screws, 180 grammes of the mortar, prepared as in the foregoing instructions 
(a), ai^ introduced into the mould for each test, and the iron moulding core is placed 
in position. ^ Then, by means of Dr. Bohme’s jtercussion apparatus, having a hammer 
weighing 4*4 lbs., 150 blows are imparte<l to tlie core. 

After the removal of the fllling-box aad the core, the test-piece is stnick off level 
and polish^ as before; then taken off in the mould from the bottom plate, and 
dealt with as in the case of (o), above. 

By careful attention to tlie foregoing rules, hand-made test-pieces and those 
prepaid mechanically give, fairly uniform results. In disputed cases, however, tests 
made by mechanical means must be regarded as de^'isive. 

Tests under Ccrmpr^simi. —In order to secure uniformity in the results of testing 
by compression carried out at various testing stations, it is necessary to have 
recourse* to mechanical preparaition of the tests. * 

Fourteen ofljices of ^enient are weighed out and well mixed in a basin with 
42 ozs. of dry^normal sand. leOsc.c. = 6-63 ozs. water jre th^ added, and the 
compound is briskly stirred into mortar for five minites. Then 30 (ks. of thi* 
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moi-tar are insei^ted iptu the c^ubical mould, having the filling-box attached, the 
whole being aecurely fastened by screws to thh bottom plate. The iron core is 
pla''ed in the moiJd, ar»d is caused to receive 150 blow<) from Dr. Bohme’s pe: cussion 
apparatus with a hammer weighing 4*4 lbs. After the removal of the filling-box and 
the core, tae test-block is struck off and polished, taken off the bottom plate in. the 
mould, and dealt with in in the case of (a), above. 

Preparqtion of Test-Pieces Neat Tlie moulds are slightly oiled on 

the inner surface,* and j|ilaced on the metal or glass plate (without any blotting-paper 
under them). tKou 35*2 ozs. of cement are weighed out, and to this is added 
7 ozs. = 200 cro. of W'’.tl«.i. and the whole are u^ell stirred for five minutes (this is 
best done with a pestle), fil’ed into the moulds, so as to bo well heaped ui) above the 
surface, and then dealt with as in (a). 1’he moulds can, however, only be removed 
when the cement *s sulhciently set. 

As, during the ramming in of the neat cement, the aim is to produce test-pieces 
of the same consistency, the added water must be proportionately increased in the 
case of very finely-ground or quick-sotting cements. 

The amount of water employed must always be indicated when stating the figures 
representing the tensile strength. 

Method of Carrying Out the Tents .—All test-picoes must be tested immediately 
they are taken out of the water. As the time taken to apply the load has an 
infiuenco upon the result, the weight should, in the case of tensile tests, be increase 
at the rate of 3*52 ozs. per second. Tlic moan of ton tests is to be taken as the 
ascertained tensile strength. In carrying out the compression tests, in order to 
obtain strictly comparative results, the pressure must always be exerted on two 
opposite sides of the cube, not on the l>ase and smooth top. The mean of ion testa 
shall be taken as the ascertaii^ nti-cngth under compression. 


Appendix D.—Report of a Committee of the American Society for 
Testing Materials on a Standard Specification for Cement. 

Standard Specifications for Cement. 

1. General Observations .—These remarks have been prepared with a view of 
pointing out the pertinent features of the various requirements and the precautions 
to be observed in the interpretation of the results of the tests. 

2. The committee would suggest that the acceptance or rejection undei^ these 
specifications be baaed on tests made by an experienced person having the proper 
means for making the tests. 

3. Specific Gravity .—Specific gravity is useful in detecting adulteration ^ or 
underburning. The results of tests of specific gravity arc not neoeasarily cop- 
elusive as an indication of the quality of a cement', but when in combination with 
the results of other tests may afford valuable indications. 

4. Fineness .—The sieves should be kept thoroughly dry. 

6. Time of Setting .—Great care should be exercised to maiiitain the test pieces 
under as uniform conditions as possible. A sudden ^hai^ge or wide range of 
temperature in the room in which the tests are made, a very dry or humid 
atmosphere, and other irregularities vitally affect the of setting. , ' ' 

6. Tensile Strength ,—Each consumer must fix the minimum eequireoaents-for 
tensile strength to suit his own conditions. They shall, however,'be within the 
limits stalled. 
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7. Constancy of Volume. —The tests for ccj^staijjcy of v^lum'jiare divided into 
two q^sses—the firs^ normal, tlie ^cond accoh'rated. The lat ter should be regarded 
as a piiecautioi.ary test unly,iLnd not infallible. So nij.ny conditions cnt^ intone 
making ana interpreting of it that it shouldabe uae^witb extreme care. 

*8. In making tlic pats the greatest care should bo exercise^ to avSid initial 
strains due to molding or to too nmid drying-out <lnrir% the first t^enty-fdur 
hours, ^‘'he pats should be preserved under the nflist uniform conditions possible, 
an^ rapid changes of temperature should be avoided. # • ♦ 

9. The failure to meet the requirements of the acceleratecP tests need not be 
su^cient cause for rejection. The cement may, however held fv twenty-eight 
days, and a re-test made at the end of that period, failure to meet the require¬ 
ments at this time should be considered sufficient cause jor rejection, although in 
the present state of our knowledge it cannot be said that such^ailuro necessarily 
indicates unsoundness, nor can the cement be considered entirely satisfactory simply 
because it passes the tests. 

Standard Specifications for Cement. 

1. General Condilioits .—All cement shall be inspected. 

2. Cement may be inspected either at the place of manufacture or on the work. 

3. In onler to allow ample time for inspecting and testing, the cement should be 
stored in a suitable water-tight building having the floor properly blocked or raised 
from the ground. 

4. The cement shall be stored in such a manner as to permit easy access for 
proper inspection and identification of each shipment. 

6. Every facility shall be provided by the contractor, and a period of at least 
twelve days allowed for the inspection and necessary tests. 

6. Cement shall he delivered in suitable packages with the brand and name of 
manufacturer plainly marked thereon. 

7. A bag of cement shall contain 04 lbs. of cement not. Each barrel of Portland 
cement shall contain four bags, and each barrel of natural cement shall contain 
three bags of the above net weight. 

8. Cement failing to meet the seven-day requirements may be held awaiting 
the results of the twenty-eight-day tests before rejection. 

9. All tests shall be made in accordance with the methods proposed by the 
Committee on Uniform Tests of Cement of the American Society of Civil Engineers, 
presented to the Society, January 21, 1903, and amended January 20, 1904, with all 
subsequent amendments thereto. 

10. The acceptance or rejection shall be based on the following requirements:— 


Natural Cement. 

11. Definition .—This term shall be applied to the finely pulverised product 
resulting from the calcination of an argillaceous limestone at a temperature only 
sufi^ent to drive the carbonic acid gas. 

12. Specific Gravify.-^Thfd specific gravity ot the cement thoroughly dried at 
100° C. shall be not loss than 2 *8. 

13., Finenese. ^Xt sHall Iq^ve by weight a residue of not more than 10 per cent, 
on the No, IQJ, and 30 per cent, on the No. 200 sieve. 

14. Time*of 8ettii^.—iX shal^ develop initial set in not less than ten minutes, 
and hard set in not less than thirty minutes, nor more|<hlh threi hours. 
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16. Tensile Sirength. — The^ minimum requirements for tensile strength for 
briquettes 1 inch square in cross section shall Ce within the following limits, and 
sl\all shdw no retrogression in strength within the peri^^ls specified:— 


NisAT Cement. 

Ag<^ V _ 

24 hours in moist air,. 

7 days (l>day cn moist air, 6 ctays in water), 
28 „ (1 „ 27 ), 


Strcugih. 
60-100 lbs. 
100-200 „ 
200-300 ,, 


One Part ^ement, Three Parts Standard Sand, 


7 days (1 day in.air, 6 days in water), . . . 25-75 lbs. 

28 „ (1‘* „ 27 „ ). . . . 75-150 „ 


16. Conelancy of lVw?»e.—Pats of neat cement about .3 inches in diameter, 
\ inch thick at centre, tapering to a tiiin edge, shall be kept in moist air for a period 
of twenty-four hours. 

(а) A pat is then kept in air at normal temperature. 

(б) Another is kept in water maintained as near 70° F. as practicable. 

17. These pats arc observed at intervals for at least twenty-eight days, and, to 
satisfactorily pass the tests, should remain firm and hard and show no signs of 
distortion, checking, cracking, or disintegrating. 


PortJ^d Cement. 

18. Definition. —This term is applied to the finely-pulverised product resulting 
from the calcination to incipient fusion of an intimate mixture of properly-pro¬ 
portioned argillaceous and calcareous materials, and to which no addition greater 
than 3 per cent, has been made subsequent to calcination. 

19. Specific Gravity .—The specific gravity of the cement, thoroughly dried at 
100° C., shall be not less than 310. 

^. Fineness .—It shall leave by weight a residue of not more than 8 per cent, on 
the No. 100, and not more than 25 per cent, on the No. 200 sieve. 

21. 'Time of Setting. —It shall develop initial sol in not less than thirty minutes, 
but must develop hard set in not less than one hour, nor more than ten hours. 

22. TeusUe Slreiigth. — The minimum roquiromonts for tensile strengtli for 
briquettes 1 inch square in section shall be within the following limits, and shall 
show no retrogression in strength within the periods specified :— 

Neat Cement. 

Age. Strength. 

24 hours in moist air,.. 150-200 lbs 

7 days (1 day in moist air, G days in water), . . 450-550 „ 

28 „ (1 27 „ ), . 550-650 „ 

One Part Cement, Three ParI-^Sand. 

7 days (1 day in moist air, 6 days in water), • ^ . 150-200 lbs 
28 » (1 ' f 27 200-300 
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23. CtyiiStanci/ of Volunve .—Pats of neat oeinont about 3 in|hes in Jiameter, 
i inoj}^ thick at the centre, and taptring to a thP edge, shal/f oo kept in moist air for 
a pericSJ of twenty-four hour^ 

(o) A pat is then kept in air at norm&l temper.iti ro and observed a^ intervals 
for at least twenty-eight days. ^ 

(b) Another pat is kept in w%.ter maintained as near /u r. a3« pracricaoie, 

* and observed at intervals for st least twenty-eight days. 

(c) A third pat is exposed in any convenient way in an atylospiici'o of steam, 

above boiling water, in a loosely-closed vessel for five hiiurs. 

24. These pats, to satisfactorily pass the requirenj^nts, shall remain firm and 
hard and show no signs of di.stortion, chocking, cracking, o- disintegration. 

25. Sulphuric Acid and Magnesia .—The cement shall not gontain more than 
1-76 per cent, of anhydrous sulphuric acid (SOj), nor more than 4 per cent, of 
magnesia (MgO). 


Appendix E.—The Cost of Cement Manufaetupe. 

It may not l>e wholly amiss in a work of this character if we devote a few 
remarks to the cost of the manufacture of cement, a subject of great importance 
at the present time, and one which has necessarily attracted a vast amount of 
attention. There can be no two opinioiis that many of the older works are so 
heavily weighted with capital, representing obsolete appliances, imperfect processes 
of manufacture, and money thrown away upon past failures, that these “dead 
expenses” severely handicap them in competing with modem works, constructed 
upon the most economical lines, and provided with all the requisite plant for the 
inexpensive handling of the raw materials. The cost of the raw materials may in 
itself constitute a more or less serious item in the balance sheet, and there can be no 
doubt that cement makers able to control their own supply of clay and chalk or 
limestone in the immediate vicinity of their works have a groat advantage over those 
who have to bring their materials from a distance, or to obtain them at second hand. 
In certain parts of this country remote from the chalk formation, as, for instance, 
in the Tyne Districts, where fuel is relatively cheap, cement factories have been 
established, which depend for their supply upon chalk brought back as ballast in 
colligrs. But those works find themselves severely handicapped in the competition 
with factories established on the Thames and Medway, close to the quarries. It 
may be taften for granted that most of the older works, which, as we have seen, 
cluster round the chalk districts south-east of London, where both Medway clay and 
chalk areeabundant, can command unlimited supplies of raw materials at a price 
ranging from 2a. to 2e. fid. per ton of finished cement. Even in those works where 
the chalk has to bo bought, it can usually be laid down on the works at from Is. 2d. 
to la. fid. per ton ; the clay costing in a similar way from 2s. 2d. to 2e. fid. per ton. 
In tBb lias cemenb districts in the Midland Counties the cost of raw materials is 
relatively high, owing to the increased cost of quarrying the thin beds of stone 
under great depths of sSale and clay. We know of one cement works successfuUy 
conducted in the Midlands, whore the cost of the raw materials from tfe lias 
formatiqn delivered on the lAe is set down at 4 b. fid. per ton. Even in the distnotg 
where the h»?cl limeseone takes the place of chalk, the stone can be quarried and 
laid down on the works for from*ls. 3d. to Is. 9d. pei^ton. Th* price of fuel (coke 
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or coal) is also anvimpor^ant oon/iideration to the cement maker, as this item amounts 
to about one-quarter of the total cost of manufacture, and cheap coke may ouWeigJi 
tHw^/lisadyantages due,Jo relatively oos'tly works or e-pensive raw material*. The 
carriage of Portland cement oii the rcil is another serious item, as most of the 
companljs are in the habit of charg'ag very high rates for eements, os oompa-ed 
with coal or stone. It .joy be taken as a general rule that no large works can bo 
advontagootisly carried on, whii’-i hove not direct communication with thp rail by 
means of sid.ngs, or wh'ch do not possess cheap water communication. The ox-ort 
trade in Portland is very extensive, but this business is almost entirely in the hands 
of makers on t'le Than ■ anil Medway, or in the sea-port towns. The following 
estimates will give some ide^^ of the items of expenditure imder various heads in the 
manufacture of Portland cement. 

The following analysis of the cost of cement making on the Medway was 
published in the Portland Cement Journal, in 1892. It purports to give the exact 
figures “taken from actual accounts for the years 1890 and 1891." There is no 
provision made for interest on capital, which is stated to have been over £40,000 for 
buildings and plant, and represents rather a large, but by no means an unusual 
expenditure for this output. The property is freehold, and the sum of £.500 charged 
for depreciation only relates to the depreciation on fixeil machinery and ptot. No 
sum appears to bo set down for agency or travelling, bad debts, and incidental 
losses, and it is stated with respect to cost of chalk, clay, coal, and coke, that the 
figures given do not include labour thereon after reaching the wharf, such labour 
being included in the wages item :— 



1800. 

Cost per 
ton of 
finished 
cement. 

1891. 

Cost per 
ton of 
finished 
cement. 

Quantity of cemeut made in tons, . 

Chalk and freight,. 

Clay and freight,. 

Coal and freight,. 

Coke and freight,. 

Wages,. • 

Rates and Taxes, . . • • . \ * 

Repairs, materials, and wages (on repaiia), . 
Stores, oil,* grease, flrehrlcks, iron, steel, &c., 
not charged to repairs, .... 

Trade chafes, postage, stationery, &c., . 

Insurance,. • 

Depreciation, amount written off fixed ma* 

ohinery and plant,. 

Manager,.^ 

Books kept lu London, salaries, stationery, 
*c., proportion charged. 

21,336 

£ 

2,326 

603 

4,035 

5,037 

6,467 

170 

1,197 

1,133 

86 

85 

500 

260 

196 

Shillings. 

2-180 

•656 

4-626 

4-722 

6053 

•169 

1-123 

1-063 

•081 

•081 

•468 
• -234 

•183 

20,176 

£ 

2,671 

691 

5,980 

6,662 

6,408 

170 

1,761 

1,161 

93 

79 

500 

250 

218 

Shillings. 

2-649 

•688 

6-928 

6-613 

6-363 

•168 

1-726 

1-141 

•092 

•078 

t 

•496 

•248 

*216 

Add U> wages, say, for cement in casks, 6,000 
tons at Is. .. 

£22,964 

21,529 

£26,436 

26*198 

=51*896 



22-925 

=r23/ 


26-589 

»26/7 


From our experience of the cost of raw materials in the London district, we re¬ 
gard the average cost of chalk and clay on the wharf for the two years amounting to 
2-9868S, or, as nearly as possible, 3s. per ton of finished oembnt, as rather too high, 
'and the charge for fuel is certainly extravagant, amounting as.it does ,tj over lOs. 4d.'' 
per ton of cement. It will be noticed that the prices of 1891 are more than 25 pep 
cent, higher than fnose ot 18*10. It is stated that the average selling price of th| 
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cement at works was 2Ss. 6d. per ton in 1892, aj<l it will thu^be seen that the 
ipani^acture was being conducted ftt an aoti.al '7-ss, if propS- larovision is made for 
the it^iB to which we have called attention* In the fa^e of t^ifl above figufes, it^n 
easilj^be understood that the Portland oemcipt trad9 i*^ in a very bad state, and That 
mcyiy of the large concerns are paying no divi(^nd. • 

It will readily be understood that the publicatio i of %n os^mate this kind 
evoked considerable criticism, and sh^tly aftirwardfs uiiother estimate "v^as published 
wl)jph emanated from a correspondent, who*stated that iie ^puld <jrcct«»rorks in the 
Medway district, on certain new lines, capable of producing 35,0§0 ions of cement a 
year, at a cost of Ids. 9d. per ton. He proposed to erect tl'^manufact'U. y in question 
on freehold land, to be acquired on advantageous term^ the expense of which land, 
together with the outlay on the erection of the necessary buildings, was not to ex¬ 
ceed £20,000. This sum does not appear to in(dude the cost of ^tho machinery and 
plant. It will be seen that in this analysis, while the cost of the raw materials 
delivered on works is 2s. 8d. per ton of cement, that of the fuel atnounts only to 
6s. 6‘3d., as compareil with 38. and lOe. 4d. respectively, the moan of the figure^ 
previously given in each case. The wages are about tlie same in each estimate. 


Cost of Maiiufuctui'e of 3fi,ooo tons of Cement 
on the Medway. 


Materials. 


Wages. 

62.500 tons of chalk alongside wash-mill, . 

17.500 tons of clay alongside wharf and landing, 

70,000 tons into wash-mill, .... 

1,660 tons of Welsh coal delivered, . 

18,000 tons of coke and fi^gots, .... 

Eepairs and renewals,. 

Stores, oil, grease, timber, and other sundry 

goods,. 

Burning—including filling 1/0, drawing/6, 

Miller wet /2, dry 4/,. 

Sundries — (labour) engineer 00/, miui 30/, 
drivers 00/, stoker 25/, sampler 30/, watch¬ 
man and house 20/, tallow 25/, two odd men 
40/, bf^B 20/, one night driver 80/, stoker 25/, 
mail 40/. I’otal £20 6/ per week for 52 weeks, 
Casks and sacks, filling, heading, and loading, 
Bates and taxes /2, trade charges and station¬ 
ery, /14,. 

Insurance—Boiler, fire, and liability, 
Depreciation fund, fixed buildings and plant, . 

Manager and clerk,. 

Allow per contingencies,. 

1/4 

1/10 

2o7 

12/4 

/8 

/6 

isi 

/4 

'h 

£8,062 10 0 
1,004 3 4 

1,060' 0 0 
8,010 18 4 
1,160 13 4 

876 0 0 

610 8 4 
146 16 8 
583 0 8 

437*10 0 

/4 

/s 

i 

IS 

/4 

2/ 

IS 

V* 

■/« 

£20i'l3 4 
876 0 0 

27 10 0 
433 13 4 

683 6 8 

3,606' 0 0 
876 0 0 

1,063 0 0 
2,333 13 4 

600 0 0 
875 0 0 

. Mnterial8=10/8-78pertoii. 


£18,062 1 8 


£11,347 16 8 

Wages = 0/6*81 „ 




18,062 1 8 

• Total, . lfl/9-7» „ 




£20,390 18 4 


By wSy of comparison with those estimates, we insert an analysis of the cost of 
producing cement by the semi-dry process in a works in the lias district. The stone 
here is relatively costlj', but fuel is cheaper than nearer London. In consequence of 
the heavy outlay incurred* upon the rejMiir of the works, which were kept in a high 
etat^of efficiency,* by constant renewals, this item appears excessive. It will be 
seen that the total c<»Bt ctf manufacture after the repayment of 5 per cent, on a rather 
heavy capital was under 258.* per ton, or deducting interest 22s. 9d. per ton, and this 
is about the figure w^ shqpld set down for a well managed works in the Smith of 
England. understand, on the Continent, where fuel is dear and where tbi 

cement is vdl*y well ^ound, tht^ in works in which a hard limestone is used the 
expense of making Portland cement can be kept well v^tlJ^n the^ figure. 






298 


CALCAREOtJS CEMENTS. 


Cost qf Pobtland Cemekt Mantitactube ik the Midlands. 
Capital for land, bulldlnga, and plant, £21,000. 

Amount of cement made In tons, laoeo. 


-,1- 


Per ton of 
cement. 

•f' 

Raw material—liir.38t()ne^\shale, and royalty, .... 

Coal and coke, . <•. 

Oil, grease, and small stores,. 

Wages, ... . ...•e. 

Management,. 

Agency, advertisomeuts, Jtc., *. 

Bepaire, materials, and wages on repairs. 

Ofllue printing, stationery,. 

Bates and taxes. 

Bad debts,. ... 

Interest nti capital at 5 per cent. ... 

Depreciation on machinery and plant. 

luBurance->building8, boilers, and workmen, .... 

£ 8. d. 
1,807 10 0 
2,022 0 0 

640 0 0 
3,600 0 0 

626 0 0 

282 0 0 
1,320 0 0 

100 0 0 

70 0 0 

27 10 0 
1,050 0 0 

226 0 0 
.56 U 0 

s. d. 

3 0 

5 8-2 

1 1 

7 2-5 

1 0-6 

0 68 

2 8 

U 4*5 

0 1-7 

0 0*6 

2 1*8 

0 63 

0 1*8 

Cost s nearly 25s. per ton of cement. 

£12,366 0 0 

24 10-3 


Appendix F.—Dorking Stone Lime. 

Writers on building materials and the authorities who are respousiblo for all our 
most carefully drawn specifications have, with a surpriciug degree of unanimity, 
concurred in calling the lime prepared from the lower chalk in the vicinity of 
Dorking a “stone lime.” We have sought for some explanation of this fallacy, 
and oSer the following suggestion:—Certain of the beds near Betchworth, and in 
the chalk bills eastward of Doling, are much indurated and discoloured with iron 
salU, and a bed just between the chalk and the gault, knov n as firestone, is very 
hard, and is locally used for building. This indurated chalk is rejected by the lime 
burners as, owing to the high percentage of silica and alumina present therein, it 
yields a poor and vory sluggish lime, but the raw material has certainly some 
pretensions to bo called a stone. The lime prepared round Dorking is all burnt 
from chalk which contains from 5 to 10 per cent, of clay, and is of a pleasant buff 
tint. Even Bartholomew, writing in 1840, is careful to point out that the “atone 
lime” of Dorking should be specified, and his pcecepts are still diligently followed 
at the present day by the conscientious architect who knows what he wants for 
the preparation of a good sample of mortar 
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45. 
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,, Martinis preparatio’^ of, 273. 

,, mixing by machinery, 202. 
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,, Price of, in 1848, 40. 

,, Professor Unwin’s theory of in¬ 
duration of, 219. 

,, Qualities needed in, 219. 
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75. 

,, Homan, Setting of, 10. 

,, See also Roman cement. 

,, selenitic, Manufacture of, 249. 

,, Sidero, 259. 
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on, 217. 

,, ,, system in Germany, 224. 
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by Mr. J. Grant, 206. 
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207. 
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235. 
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land cementby, 257. 
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Choindez, Experiments at, 239. ^ 
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,, Method of analysis for, 64. 

Cla^y limestones, Calcination of, 7. 
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teristics of, 46. * * 
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in, 149. 
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ing 17t. • • * 

Cohesion of mortar weakened .by sand, 
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Co^ oven:' a id plaster kiln i^bmed, 

Concrete, ArmoureJ^2‘)3. , ' 

,, • Deflnition of, 200, , 

* experiijents by Ham'e. 202. 

in Franco aisl England, 202. 
mixing by machinery, 202. 
Kang^e, 201. • 

Rc^enforced, 203. 

Vicat on, 201. 

Cookworthy, assists Smeaton, 19. 

,, liis discovery of kaolin, 19. 
Cooling systems for rotai)|r kiln clinker, 
174. 

Constancy of volume, Accelerated tests 
for, 227. 

Continuous kilns. Description of, 157. 
Conveyor, Belt, 136. 

,, Kreiss, 136. 

,, Paddlc-bladc, 135. 

,, Spiral, 134. 

,, Tray, 136. 

Cost of cement testing by Mr. Grant, 208. 
(yrampton’s rotary kiln, 167. 

Crushing and grinding machinery, 119. 
Cummings, his classification of the natural 
cements of America, 25. 
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Defects in present mode of cement test¬ 
ing, 208. 

Definition of concrete, 200. 

of mortar, 195. 

Dehydration of plaster by use gi^super- 
heated steam, 266. 

De La Faye, his investigations on cement, 

27. 

Do Saussure on the nature of hydraulicity, 

28. 

Descotils on hydraulicity, 28. 
Determination of alkali metals, 63. 

of alumina, 59. 
of carbon dioxide, 64, 69. 
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of magnesia, 60. 
of potash, 63. 
of sand, 57, 65, 68. 
of silica, 56, 64, 65, 68. 
of soda, 63. 
of sulphur, 61, 68. 
of sulphuric acid, 62, 68. 
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Goal, powdef%d, Messrs. lAthbury andi matter, 65. 
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DietzBch kiln, Th/^, 158. ^ 

,, for buinin^ lime, 18. 

Dorking Btono lime (Appendix F), 298. r 
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Dry process, its origin in England, 106. t> 
f Rota^ driers for, 110. < 
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,, ' Use of liuj materials for, 107. 
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,, Michele, 152. 

,, Spackrian’s, 155. 

Drying floors f<fi* slurry*,’ 97. 

Dumesnil’s plaster kiln, 265.^ 

Dust collecting contrivances, 102. 
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,, filttsrs, 192, 

Dutrullo and Sr^lonions’ edge-runner mill, 
186. 

Dyckerhoflf, Messrs., experiments on effect 
of gypsum added to Portland cement, 
49. 

Dynamic grinder, Neate’s, 187. 


E. 

Eakly cement tests, 204. 

,, writers, Opinions of, as to sand, 
197. 

Earth, Santorin, 6. 

Edge-runner mill of Dutrulle & Solomons, 
186. 

Elevators, 137. 

„ Belt, 138. 
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Emery, rock-, Millstones built of, 182. 
Engineering tests of cement, 218. 
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cement clinker, 146. 

,, ,, Hot-water tost of, 228. 
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Roman cement at, 37. 

Evans & Nicholson, Messrs., cement 
works at Manchester, 33. 

Exhihition of 1851, Experiments on 
cement at, 40. 
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199. 


F. 

Factobs for use in cement analysis, 72. 
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Faija^s calei meter, 85. 
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( testing, 218. 
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Fibroir- plaster, 274. 
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coment, 239. ‘ 

Fineness of Portland cement, early, 179* 
Flourometer, Goreliam’s, 224. 

Fluk es, Action of alkalies as, 13. 
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,, early briquette, 210. 
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Professor Unwin, 219. 

Francis & Sons’ works at Nino Elms, 30. 
Freeman’s hydraulic grinder, 188. 

Fremy, M., his experiments on I’ortland 
cement, 141. 
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,, works at Swanscombe, 30. 
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BarAey White, 30. 
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,, consumption in rotary kilns, 178. 
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231. 
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,, ,, Sussex, Analysis of, 73. 

Gay-Lussac’s experiment upon effect of 
tteam on calcination of limestone, 3. 
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Giron, M. Pierre, experiments with rotary 
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Grant, John, Experiments witA various 
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.278. 

,, Hia instructions for te^j^i^g 

cement, 213. 
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20 ^ 
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Greaves. Richard, his cement works at 
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Grenvi’fi cement, 24.* 

Griffin iwill, Description of, IJft. 

Orindftig mills for Portland cement, acting 
1^ percussion, 183. 
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Continen^A practice, 183. 
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Fineness, 190. 

Freeman’s hydraulic grinder, 188. 
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cement by, 35. 
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at 38. 

Gypsum, Chemistry of, 262. 

Gyratory crusher, Hadfield’s, 122. 
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,, ,, Separation of, 68. 
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51. 

,, Determination of, 58, 68. 
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Halkin lime, Experiments with mortar 
made from, 254. 

,, mountain limestone, Analysis of, 
253. 
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tion of, 36. 
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Hauenschild kiln, The, 161. 

Heat, Influence of, on silicates, 7. 
Heintzel, Heat test of, 229. 

Higgins, Dr. B., his patent stucco, 27. 

,, ,, his work on cements, 23. 

Hoffmann kiln, The, 164. 
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Hotop kiln, The, 162. 

Hot-water teat of Dr. Erdmenger, 228. 

„ Faija, 230. 

„ Maclay, 228. 

,, Dr. Michaelis, 227. 

Pnissing, 229. 
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Hurry & Seaman, Messrs., their rotany 
kilns, ld9. 

Hydration of silicates, Stable compounds 
formed by, 8. 
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lime, Leicestershiie, Analyses 
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,, Physical obaracteristics 
% of, 11. 

linestone, f^eicestersbire, An¬ 
alysis of, 11. • 
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John, Dr., hU essays in 1818, 28. 
Johnson, Mr. I. C., anticipates Goreham’s 
process, 43^ 
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Kbates’ specific gravity bottle, 89. 
Keating's cement, Preparation of, 273. 
Keene’s cement,, Preparation of, 273. 
Kiln, The Aalborg, 160. 

,, The Batchelor, 152. 

,, Change undergone by limestone in, 
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„ Choice of, 16. 
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„ Hoffmann, 164. 
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,, Schneider, 161. 
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I ,, „ « oVnker,^oolingsystem, 175. 
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e « 175. 
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„ - Giron’s experiments with, 
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„ „ Newberry’s experiments 
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,, ., American patent, 

169. 

„ ,, rogciiorative process, 170. 
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Lathbury & Spaok- 
man, 175. 

,, ,, Stokes’, 168. 

,, ,, temperature of chimney 
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from, 172. 

,, ,, Use of, for wot process, 170. 
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Kirkaldy, tests of selenitic cement, 252. 
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Knapp’s theory of plaster cement, 273. 
Kominor mill. Description of, 129. 
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„ investigations coneeniing 
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, 107, 108. 
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,, Combination of, with water, 2. 
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, •' Determination of, 59. 
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87. 
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243. 

,, Free, in Portland cement, 242. 
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of, 11. 
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,, Impure, 2. 
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,, kiln. Advantage of aqueous vapour 
in, 15. 
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Limes, Classification of, 4. 
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Analysis of, 11. 
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in. 11. 

• Method of analysis for, 56 

Limestones.^clayey, Calcination of, 7. 
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,, compared with Rosen- 
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,, ,, system of manufacture, 27. 
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Liirmann & Langen, Messrs., their m^nu- 
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MilMone&of rook-^m^j4| 182. 
hxinswr Manor se^aria for cement, 23. 
Mortar, Action of in, 195. * ^ 
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• 190. 
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I l^iinition/[, 195. * 
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,, Kirkaldy’s tests of (A ppendix A), 
table 282;^ 
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Magnesia bricks for rotary kiln linings, 
172. 
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,, Determination of, GO. 
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52, 53. 
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cements, 53. 

,, in Portland cement, 61. 
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berry on, 
147. 

Manganese, Clays rich in, 236. 
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Marignac, M., experiments with plater, 
270. 
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Maude & Son, J. M., price of their Port- 
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,, ,, their works at 
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Medway ofhd from Gillingham, Analysis 
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„ ,, Method of analysis for, 67. 

Methods of testing cement. Present, 218. 
Miolm^s, Dr., Hot-water test of, 227. 

,, ,, on admixture of clay with 

Portland cement, 232. 
Michele, Mr. V. de, his proposed specifi¬ 
cation, 270. 

,, • ,, his waitaill, 101. 

Microscope, Chatelier’s experiments 
with, on c#ment, lA, 145. See also 
Polarisoope. • 
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Natural cements, 4. 

,, ,, of America, 25. 

Neate’s dynamic grinder, 187. 

Newberry, Mr. S. B., experiments with 
rotary kilns, 169. 

,, Messrs. S. & W., their experi¬ 
ments on hydraulic cements, 
147. 

Nitrometer, Lunge’s, 85. 
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Overbumt plaster, its combination with 
water, 263. 


P. 

Paddle-blade conveyors, 135. 

Parker, his cement termed Roman cement, 
23. 

,. his patent in 1791 for burning lime, 

22 . 

,, „ 1796 for cement, 22. 

,, mode of using his cement, 23. 

,, preparation of his cement, 22. 
Paaley, General, his tests of cements, 205. 
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land cement, 33. 

,, ,, letter to Dr. Garthe, 33. 

„ his tests of cements in 1836, 24. 
PasBow’s slag cement, 237. 

Patterns of test briquettes, Various, 212. 
Plaster, Action of Seignette salt on, 273. 
,, Alum used with, 271. . 

,, baked in special ovens, 268. 

„ Best, how prepared, 267. 

,, burnt with coal, 264. 

,, bunftr \itth colie, 266. 
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262. 

,, . oement, R. app*s theory of, 273 

,, Commercial, laade froir gypsum, 
262. 

„ < j>^hydration of, by use of B*-'iam, 

, 266. A 

,, experiments'by M. Le ^hatelier, 

262. , 

,, ' «M. Marignac, 270. 

,, Fibrous, 274. 

,, Former metho.' of preparing, 2^. 

„ kiln, 264, 26K 

„ ,, and coke o\ m combined, 

267. 

,, ,, Details of, 265. 

,, ,, Dumesnil’s, 265. 

„ ,, fimproved construction of, 

265. 

,, M. Landrin, on the use of alum 
with, 272. 

,, ,, investigations into 

the set of, 269. 

„ M. Le Chatelier’s experiments 

and researches, 262, 269. 

„ M. Marignac's observations on, 
270. 

,, of Paris as a cement, 261. 

,, ,, Chemistry of, 270. 

,, >) Gauging of, 268. 

,, ,, Grinding oL 268. 

,, Ovens for preparing, 268. 

,, Overbumt, its conu)inat{^ with 
water, 263. ^ 

,, Substances used to harden, 270. 
Plasterers’ work, Kind of cement best 
suited for, 47. 

Plymouth marble, Lime from, 19. 
Polariscope, Use of, 144, 145. 

Poor limes, 4. 

’Pwt!i«»d cement, Action of sea water on, 
54. 

* *, >, ,t sulphates upon, 

49. 

„ ,, Admixture of, with slag, 

Dr. Michaeiis on, 232. 
„ „ Adulteration of, with 

Kentish rag, 70. 

,> „ Adulteration of, with 

slag, 70. 

,, ,, Alkalies in, 147. 

>f Alkali i^alts in, 54. 

„ „ Aluminates in, 146,147. 

,, Analyses of, 77. 

,, ,, Automatic machines for 

packing, 191. 

,» )) calcination, Chemistry 

of, 141. 

„ calcination, M. Fremy’s 

• experiments, 141. 

» » clinker, Attemp>ted pre¬ 

paration of, in blast 
^ fum^,l233. 


Portland cement clinker. Spontaneous 
0 . disintegration oft' 145, 

146. ^ 

,, , Condition of th/r iron in, 

51. 

„ ,, Continental practice in 

grinding, 183. 

,, ,, delerminai'onof speciho 

' gravity, dd. • 

,, ,, Early fineness of, 1^9. 

,, ,, Early methods of grind¬ 

ing, 179. 

,, ,, Edge-rumier mills for 

grinding, 186, 167, 
188. 

,, ,, Effect of calcium sul¬ 

phide in, 51. 

,, ,, Effect of excess of clay, 

in, 47. 

,, ,, Effect of excess of lime 

in, 47. 

,, ,, Effect of magnesia in, 

62, 63. 

,, ,, Excess of lime in, 243. 

,, ,, Ferrites in, 146, 147. 

,, ,, Fineness of grinding, 

190. 

,, ,, first marlo by J. Aspdin, 

31. 

,, ,, Free lime in, 242. 

,, „ from caustic soda waste 

at Michigan alkali 
works, 257. 

,, ,, from fused clinker, 65. 

,, ,, German standard tests 

for (Appendix C), 287. 
,, ,, highly limed. Danger 

of, 48. 

,, ,, in America, Early days 

of, 169. 

,, ,, kiln, Batchelor’s, 152. 

,, ,, ,, Johnson’s, 149. 

,, ,, ,, Spockman’s, 153. 

,, ’ „ kilns, closed type 149. 

,, ,, ,, Fuel consumption 

! in, 148,140, 160, 

161, 162, 164, 
178. 

>, ,, open type, Fuel 

consumption in, 
148. * 
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tions on, 144. 

,, ,, Le Chatelier’s inioro- 

scopical experiments, 
r44. 145. 

„ „ Chatelier^ recent ex- 

a perimeutfl, 148. 

n M , Magnesia in, 61, 147./ t 
„ ^ manufacture, Cost^ 
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process of, 93. 
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Mills for grinding act- 
big by percussion, ^ 83, 
mixtures, Metho^ of 
analysis for, 56. • 

M. Landrin’s experi¬ 
ments on, 143. 
origin of name, 31. 
overlimed, Effect of ex¬ 
posure to air on, 48. 
Percentage of sulphur 
allowable in, 48. 
preparation of raw 
materials, 09. 
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present in, 144. 
proportions of raw 
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raw materials differ 
widely, 109. 

raw mixtures, Analyses 
of, 75. 

Report of American com - 
mittoo on standard 
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292. 
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ing, 184. 

Rotary kilns for cal¬ 
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sifting machinery, 180. 
Silicates in, 146, 147« 
silos, 191. 

slurry, Mr. V. de 
Michele’s drying 
chambers for, 152. 
slurry. The Gibbon’s 
drying chambers for, 
152. 

Sources of sulphur in, 
48. 

Special rise of tube-mill 
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Specifications for, 275. 
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Value of, made knqjen 
by testing, 205. 
works, Kiln gases from, 
156. 


,, ,, Wylson, 36. 

Pot^h, Determination of,* 63. 
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on, 79. 

,, *„ ^LeChatelier 

on, 79. 

•„ „ * .»Newberry 

• , on, 79. 

Pruesing’e ^^f-water *est, 229. 
Fnzzuolana, Trass, &c., 6. 
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• rr calcium oxide, 2. 

,, PreparaVon of, 2., 


R. 


Rangkr, Concrete of,#201. 

Ransomo’s rota^ kiln, 167. 
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• ing, 113. 

,, ,, Briok-making process for, 117. 

,, ,, Datiish method of preparing, 

116. • 

,, ,, Edison process for preparing, 

114. 

„ ,, from soft materials, 116. 

,, „ German method of preparing, 

116. 

,, ,, of dry process, Preparation of, 
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“A worthy volume, which will be found of niucli assi 5 t.ince. . . A book of 

particular v.\lue.” Prixctical F.neineer 
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ya Large 8vo. Hauil^uiue Cloth, Uniform s/ith Ri^Lhiliiy of S^ips 
■ ' and (p. Wit^ lU Folt^aij, Plates and 468 

\ lUustiiatioi. {in the ous. net. 

} The Principles and Practice of ,• • 

DOCK EN'GIN'EEKING. 

By BKYSSON OUNNTNOIHAM, B.E., As^c.M.Ik r.O.E., 

Of the EnffineorK* Oepartuicnt, Mersoj Doi-ks and Htffiftur Boa*^. 

GENERAL CONTENTS* 

Historical and Discursive. — Dock Design.— ('onstiuctive A]ipliance& — 
Materials. — Dock and Quay Walla.—Kntruiue l‘.'»H'«geK«ana Locks.— 
Jetties, Wharvefl, and l^iers. — Dock (latea and Caiasona.—Transit Sheds 
and Warehou.soa. - Dock Bridges —(Jraviug and Kcj»Rjrii)^ Docks.— 
Working Kquipmeut of Docks. — Index. 

“ We have never been a more piofnRciy-illuhtiHlctl ticatise It i.s a nutst important 
suindurd woik, and .should he in llichamlbot all dock and harho»ir<n»Knie»'rft.”-*,Stca»na/jtp, 
“Will l)c of the prealeKf .servjcc lo the cxiaot tu> :i hook of rcfcrcnct'.”—7i’»i(7«nrer. 


Fourth Edition. In Two Parts, Published Separately. 

A TEXT-BOOK OF 

EngineeriDg Draining and Design. 

BY 

SIDNEY H. WELLS, Wn.Sc., A.M.I.C.E., A.M.LMech.E. 

VoL. 1 .—Pkaotioal Geometry, Plane, and Solid. 4s. 6d. 

VoL. II. —Machine and Enoink Drawing and Design. 4s, 6d. 
With many lUwtrations, HpecicUly prtnareA fur the. Work^ and numeroui 
liJxampiefty for the CTfie of Rtiulents in Technical Schools and Oollegea, 

" A CAPiTAi. TEXT ROOK, AnanKRd on an rz<!BLI.bnt htbtbm, calculated to fdve an Intelligent 

e ritspof tho fiiibject. atnl nut the mere faculty uf mechanical rupyiiig. . . . Mr. Wells ebowa 
ow to make complktb woBEiNa-DBAViNUs. discussing fully oacli step m the design.”—EIseCHoaf 


In Large Crown 8vo. Handsome Cloth. 48. Gd. net. 

THE THERMO-DYNAMIC PRINCIPLES 
ENGINE DESIGN. 

• By niONKL M. HOBBS, 

Engineor-Lieutcnttut. R.N ; Instructor in Applied MeehamoK and Marine Engine 
^ DeKign at the lloyifl Naval College, (Jroenwich 

Contents. — Laws and Principles of Theniio-Dynamics. — Hot-Air 
Engines.- C as and f)il Engines.—Kefrigeraiing Machines.—ITansmission 
of I'owcr by Coni])resHed Air. —The Steam Engine.— Unresisted Expansion 
^nd Flow through Urificeb.- Flow of Cases along Pijies.—Steam Injectors 
and Kjeettusf—Steam Turbines. — Appendices. — Index. 

“The whole sul^iM't hits been very motliodically dealt M itli thruuglicmt. . . . A standard, 
rcfereucc."— I'l-actical Kudiiicer. 

_—•-— -—- 
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OHARLES ORIFFIN <fe OO.’S PUBLICATIONS. 


In li jdsouiu Cloth. Wi'h 252 Illustrations. 15s.net. 

m THEORY OF THE STEAM TURBIHt. 

A Treatise on the Principles of Construction of the Steam Turb>f©« 

- h Historical Notes on its Development. V 

' llY jiT.li.VANUKt't JiniK. ' ■ 

CoNTi-.Ni's -Piialam iital-—Ilislurit .il Ntilc' on 'rurlnncv--Tin V'clocity of Steam.— 
T_\pc‘' ol Slcani TurlMiKs iV.uln.il Turlnius The I'JticKiicy of ’Purbiiu s, '1‘5’pc 1 — 
Tiajci'tory of ihc Sti-.tir —f.lhfu in \ < if'I'm liini-., Tv pes 11111 and IV.—'I'urhinc Vanes.— 
iMsc and V’tic P'lic TSf m - S|>«'(iln Ile.n of Stipcvln ated StcMiii—Sticm»th 

of RotatuiK Pises - <'rovoniin;; Mcaiii 'I'lirlimcs — bic.mi L'onsimijiUun of'i inIniics.—T^e 
Wlnilmtj of Sli.ifiK.— Speetl lU. I'm Iniu s ! Nin \. 

“ f )nL‘of tin-l.ittsi tt\i-h(«)ks a'so lino of llif hf'.i . . . I line |h alisolvitt ly 

no paddiiitj.”— .Sip li'ii/utm II 'hiIf in the Tmu v Kiii;iin i i un; Snppltmcnl. 


In Large Crown 8vo. Jlaiulsomc Cloth. With 131 llluKtrations. Gs. not. 

LECTURES ON THE MARINE STEAM TURBINE. 

Uy Pitoi’. .1. TlAllVAllI) I5ILKS, M.Inst.N.A., 

IToffs.soi of N’nv.il 'Viehifi-' ltiir in tiu- I'liivi’rsu.v of (II-im'ow 
“T his IH the ht .( poiml.ii walk on Hn- iu.mm- ste.mi liiibnir «hifh h.is jrt .ippe.ued — 
Humnstui}. _ 

Works by BRYAN DONKIN, M.Inst.C.E., M.InstMech.E., &e. 

Fourth Edition, Revised and Enlarged. With additional Illustrations. 

Large 8vo, Handsome Cloth. 2^’5, not. 

A TREATISE ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN OONKl'N, M.Inst.C.E., M.Inst.Mf.ch.E. 

CoNTi'.Ms. -P’Ki 1.- Gas Engine.;> : (hnn.il I>«>.crip‘ion of Acuo.i .kiid Paiis.'~ 
Heal Cycle*, and CUs.iliiaiioii of (Jas J,name's.— ]listoi\ of Uk Cm Kiigitic- -'J'he 
Aikiiisoii, (jnflin, .uni Sinckjioit Isii^incs. —-Tlu lias I'ammc—Moilcin llnlish Gas 

Kniitnrs - Motlcin I'lciitli Gas Kui;in< s — (ieriii.m (las lMn;iiif‘s.--(ias Proiliutiuii for 
Motive Power - Utllis.iiiini of lilasi-fiirii.ii't .md Coke-oven G im.s fn Power.—'I'lic Theory 
of iIk (ias Kiitiitii.—Chcmic.il Coin^ioalion ol Gas m an Kii;;m< Cyiimh-i. lhilis.ilion ot 
llcal in a Gas F.nnim - f \i>losion ami Coinlmscion in a Gas I'.iicnie.— I'akt 11.— 
Petroleum Engines: The Piscovory, lltdisaiiou, and i'ropcnics ut Oil.-- Method of 
'Treating Oil. -I arlmralui-. - l'.arly ()i! Enqiiies - Trai lie al Application of Gas and Oil 
Engm. . Pakt Ill.—Air Engines.- AiiKNimBs.--lNi>Kx. 

"The best hook now ^nihlishcvi mi Gas, Oil, : -nl An Euttinc's.”— lungiiucr. 


In Quarto, Handsome Cloth. With Numerous IMales. 25 s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(I2A.ND, MARINS, AND LOCOMOTIVE). 

By BRYAN DONKIN, M.Inst.C.E. 

CrNi RAT. C')N 1 EMs —Classification of Differem 'Types of Tloilers.—425 Experiments ou 
English and Torelgn Uoilers with their Heat Efficieii*'’" shown in Fifty 'Tables —J''ire 
Grates of Vaiiovis Types.— Medhinical Stokers.—Com„..snou of Fuel ui I'.oilcr*..—'I’rans* 
mission of 11 cat through Poilei PLitcs, .and their I'cmpei.tlurc—Feed Water Healers, 
Superheaters, Feed Pumps, »S:c Smoke and Us Preventum -Instrmiienls used in Testing 
Hollers.—Marine and Loconioiivo llodcis Fu<d 'Tesimg Station'—Piscnssioiv of the 'I'rials 
and Conclusions.- (Jn ilie (dunce of ,1 Poilei, and '1 esting of Land, Maiine, and laicumotive 
Doilers.—Appendices. -liihliogr.iphy.- Iniu < 

“Probably ibo nobt axHAUHiiVK msume that haa ever been colloctod. A psaotioaa 
B oos by a thorongbly practical man "—Iron and Coal Tradcn Rmifw. 
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Fouktii Kdition, Kijvised Jiockct-Sizc, ^jath^, 12s. ti<i. • 

toilers', iv!ari^S‘ani> land I 

i, THE. 1 R COhJSTRUCTION* ANC STRENGTH. •'* 

A ii.'jiDBOOK OK KdLKS, FoBMIlli*, T'EUiS, A'. . HKLi^tlVK TO MilVBlAI.,' 
>, 80ANTI.INOS, AND PllElAuiitS SaKKA \ ..LTKji, SPKINaS,. 

PiTTINoa AND iloUNTlNOS, &0. , , • 

P’ORTHE U8p: OP F.NG1NKKU8, SUKVKVOKS, liOILEl.-MAKPIRS, 

ANJ) stp:am users. 

Bv T. W. TRAILL, M.Inst. 0. E., P'. E. N., 

hatp KiiKiUPer Surveyor lu to tlio Hoitfit /. 'Pratie 
‘Mloiitaina .III Knoilmoits Quaktity op 1 vponMATioN amaiiKG'l iii .» VPiy cotnoiilpuf form. . . 

A MOST liBKPtii, VOJ.I MK . milHuviiiK luf' iTniition to bf had nowlicic clijc' "—Thf Hvfitneer. 


Kjktii Kdjtiox. Largo Crown 8vo. With numerous 
Illustrations. 68. not. 

ENGINE-ROOM PRACTICE: 

A Handbook tor Enpuiccrs and Olficors in the Royal Navy and Mercantile 
Marine, including the Management of the Main and Auxiliary 
Engines on Board Ship. 

By JOHN t4. ].l VliRSlUGE, B.N., A.M.l.C.E. 

Cmtevts Gouorni DoHcnpium oi Mainu' Maehiurry —’I'he Conditions of Sorvice and 
DatiOR of KnKlneers of tho Royal Navy —Entry and CouiUtions of Sbi vi«o of EiiKincorH of 
tho Loailing >>.S Compauies.—llaisni;; Siuaiu —Duties of a StuaiuuiK Wutcb on Enf;ine» 
and Boilers—Shuttint; off Strain—Harf ir Dutios and Watclies—AdjuBluionts and 
Repairs of Eugiiios —Fr<*nervaU(/n and UiH'airH ul “Tanlr ’ Itoilern —The Uull and its 
Fittings.—Oloaumg and i’auitaig Machiuory.—Ueciproraling Pumps, Food Boaters, and 
Automatic Komi-Water ilogulators —Evaporators —SU'ain Boats - Electric Eight 
Machinery —llydraolK* Machiiiory.— Air-ConipreKKing Pumps —KofriKoratuig Machines 
—Maclniiory of Di-Biroycra —The Maii.iKcni*-iit of Water Tube Boilers—Uogulatioua fer 
Pantry <>f AsHiHtant EDuiuecis, K N - Quesiioua given in Kxannimtions for Promotion o> 
e.nginoorB. R N — Uegulaiiona i CH})c*ctiiig Hoai d of Ti ado Exannuatums for Euginoors, &c 

“This VKHY LSPKUI. HOOK ll.LUSTHATONf* afO of OKEAT IMl'OKTANUH III a Work 

of this kind, and it is satiHraotory to fliid that hi-i-cial attention has boon given in this 
respect."— A’ngiMPrra’ ilazctu 

FtirDTii P^.DiTioN, 'I'horoiighly llevisod and (Jreal.ly Enlarged. 
.Nunurous illuMtral.ions. i*rice lOs. lid. 

VALVES AND VALVE-GEARING s 

A Practical Text-hook forthe use of Engineers, Draughtsmen, andS^ dentSy 

CHAULE.S ULIRS'r. PicADTiCAi. 1 )i;aiuhtsman. 

Part T - steam lingine N'alvus 1 Paut III.—Air ('ompicssoi Valves and 

Pakt 11—Das I'iiJgiiie Valvf.s and (Jeaiiiig. 

Duals*. 1 I’AKTlV. Pump VtiJvuh. 

"M&. Hhkbts valves and valtb-obauino will prove a very valuable aid, and tend to the 
prodnotlim of Engiues of sciRNTiyic uB'tioN and bconomicai. woesino . . . Will bo largely 

sought aftiT by Students and Beaigners "—Martvr tCngtnetr 

At* .• practical treaiiso on the aubii'ct. tho book niandH without a nvul.”—.</ec/iantcaf 
World. 

Hints on Steam Engrine Destg^n and Construction. By Charles 
Hurst, “Author of Valves and Valve Cearing.” Second Edition, 
Be vised. In Paper Boards, Svo., Cloth Back. Illustrated. Price 

Is. 6d. net. 

OONTKKTs—1 S'eani* IbpcH—II Valves.—111. C>bTiders—IV. Air PuaipH and Con- 
• densers.—V. Motion Woik.—Vi. Crank Shafts and I’edestalB —VII. Valve Goar.—Vlll. 
Lubrication —TX Miscellaneous Details —iNPax. 

A handy volumo wliicli every pracUcul young engineer should possess."—77<€ Model 
Kngineer, _ ^ ___ 
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CS(f,RLES QRlfFlN & CO.'S PUBLICATIONS. 

SECOND EdTi ^n, Revised. With numerous Flatea reduced from 
Working I^awings and 2R0 Illustrations iii^the Text. 218. 

A ma,n'ual of f' 

LOCOMOTIVE ENGINEERINCs 

A rraetlcal '“ext-Book for .the ilse of Engine Builders, 
Designers and Draughtsmen, Railway 
Engineers, and Students. 

By william prank PETTIGREW, M.Inst.C.E. 

With a Section oii American and Continental Engines. 

By albert F. RAVENSHEAR, B.Sc., 

' Of His Majesty’s Pataut Office. 

—Historical lutroiiutition, 176:j lR<;s. — Modern l.ocomoilvos: Simple.— 
Modern Locomotives: Compound Primary Consideration in Locomotive Design — 
Cylinders, Stoam OliestB. and Stufllug Koxoh —Pistons, Piston Kods, Urossiieads, and 
Slide Bars.—Oonuecting and Coupling Rods —Wneels and Axles. Axle Boxes, Hornblocks, 
and Bearing Springs —Balancing.—Valve Gear.—Slide Valves and Valve Gear Details.— 
Framing, Bogies and Axle Tnicks, Itadial Axle Boxes.—Boilers—Sniokobox Blast Pipe, 
Firebox Fittings.—Boiler Mountings—Tenders. Hallway Brakes.— Lubncatioa.—Oon- 
samption of Fuel, Evaporation and Engine Lfllciency.—ATnoncau Locomotives —Con¬ 
tinental Locomotives.—Repairs, Running, inspection, and Renewals —Three Appendices, 
—Index. 

“The work contains all that can hk lraknt from a book upon such a subject. It 
will at once rank asTHK <<TANnAsi> work upon this important anBJKCT.''—i2ai/iffayJ/agrarf««. 


In Largo 8 vo. Fully Illustrated. 8 s. Gd. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

By J. F. GAIRNS. 

Contents.— liititxlnctoi-y. C^im’Huindujjr and Siijirrlifating for Locomotives.- A 
ClsRsification of Cmnjiound 8ysfou>jf»i'oi l.oi oinotivcs. 'I'hc IlisUu'v and DcM'lopmoiit of 
the Compuumi Loconiolive. — 'I'vvo-t'ylindor Non-Anttmiatic S.vsleins. — Two-Cylinder 
Automatic Systems - Other Two-Cylmdei Sistoms.—Thite Cjlinder .Systems.—Four- 
Cylinder Tamleiii Systems - F<mr-(;>lnidcr Two-lhuuk Systems (other than Tiindciu).— 
Four-Cylinder Bahinoetl Systems.— Fnur-‘'^yliri'ler Divided and Bahuiced Systems.— 
Articulated Compound Engines.—'rrijile-Expansioii Loeomotives.—CompouiKl ^ck 
Locomotives.- ConcliKhng Remarks Concerning Conipouiut Locomotives.—T'iie Use of 
Huperlieated Steam for Locomotivi*s.—I npkx, 

“ A welcome luldilion lo the library of the railway enginoor ' —Engineering Times. 


In Large 8vo. Handaome Cloth. With Platen and Illxietrationa. 16b. 

I G H:'T RAIiiWAYS 

AT HOME AND ABROAD. 

By william HENRY OOLE, M.Inst.O.B., 

Ijate Deputy-Manager, North-Western Railway, India, 

Contents. —DiscusHiou of the Tcmi “Light Railways.”—English Railwasrs, 
Rates, and Farmers. — Light Railways in Belgium, France, Italy, otler 
European Countries, America and the Colonies, India, Ireland.—Hoad Trans¬ 
port as an alternative.—The Light Railways ..kcu, 1R9G.—The Question of 
Gauge.—Constnustion and Working.—Tiocoraotives and Rolling-Stock.—L^ht 
Riulwaj^ in England, Scotland, and Wales.—ATipendices and Index. 

“ Will remain, for sorno time yet a Standard Work in everything relating to Light 
Kallways.*'—Angtfirrr. 

“The whole subject is rkhawstivelt and puacticallt comidored The work can be . 
.cordially recommended ae indispknsablb to those whose duty it ir, to bOBome acquainted 
with one of the prime necessities of the immediate future ”— KaPtem' OfSrtai Gneette 
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Tn CroTAn Handsome Cloth. ’*- lly Illustrated. 

PRACTICAL CAICULATIO^IS FOR ENGIREEM: 

V By CHARLES 1.. laAi'AHI), 

A.MlUkt.C li . M.I MfdiE, Wh.Ki'i . * , 

]Toh() of nil' Mocluiiin ill Kiignu'criiiA; lH‘|>artiiu-iit al. the NoltlKiiHiiloii Astitut^* I -hJuU, 1' 

And II. A. GOLDING, 

aJaantkntk.— SKCTloN 1. (!oi)lracU-<I McUkkIs t)f CalcAilidi"’! 'JVc1inlcal Mon?tira- 
tion.- rruetical CiiUuhitioii by ithnih. The Slide lufle and its Aiiplications.— 

•iqiian d TajAor and itb 1 ses Section 11 Pulleys muJ Wheels in rrain. Speed JUitios 
\iid Pnv<'tiA'Jil Exiuiiph's - J’nnc-ijde of Moments Ajiiilied to Viuelieal V^^ddems. —Work 
iini J*ower. - Eneruj and Speed Flnctuatnnis - Tninbimssjon of >Vork Ihninph MnehiiiCB. 
- l-Vietum and Kllieieiiey Tiivn.suiibsioii ot power - Shaltinj;.--Motnm on ja Circle.- * 
M'nueiituiii, Ac-c eb'iiition. and Force Action Ski’TIon Hi 'IVmpeiatnre Scales.- bnits 
d ileal --Sjiecihi Jleat. He.at an<l Woik. - Heat \ alneof Fuels.- Heat Losses in Engine 
ind Hoih'r Plant—I’nijierties of Steam. - Moistiii’e ami Diyness Fra«-tion.—Stcatii ami 
Fuel I'likMihitioiKs—Troiler Kttleicncy. Si/e of Poller—EugiiK (Wrnlatums - Power, 
lndn.ited .ind lUsvke.—Calenlations Voi T>nm-nsions - Steiun Consnniption aiul Wilhms 
Law Kflii leneies, C'oii>]>aru1'ivi‘ Costs of Power I’lxahiution — Coinineieial Efheicney. 
•tlocTUiN IV. 'J'he Coniim-tcia) side of EiiKhieeimg --CaUmlntion td Weights—Division 
d Oi.sts, Mateiial and 1.4ibour, Shop Cliaiges and Kslahli.shment Charges.—Estiinatea. - 
iToflt. I Me of Sipuireil PaiK'r in the Estimating Dej>ai1inenl and to the Heneral 
Manimeinent. 


Sixth Edition. Folio strongly half-bound, 21s. 

TRAVERSE TAEEES: 

Computed to Four Places of Decimals for every Minute of Ansle 
up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD (JURDEN, 

Authorised Surveyor for the Governments of New South Wales and Victoria. 

•,* Published with the Concurrence oj the Surveyors-General for New South 
Wales and Victoria. 

“Those who have cxpenence m exact SuRVKY-woRK will best know'how to appreciate 
the enormous amount of labour represented by this valuable book. The comput.ations 
enable the user to a.scertaiu the «ines and cosines for a distance of twelve miles to« ithin 
half an inch, and this bv rhkkrknch to but Onb Tabls. m place ot the usual Fifteen 
minute computations required This alone is evidence of the assistance which the Tables 
ensuie to every user, and as every Surveyor in active practice has felt the want of such 
a->Sl.St»IHe PKW KNOVVINA. OK '1 HKIK IMIBLICATION WILL REMAIN WITHOUT THEM." 

—HnQiHccr. 


Strongly Bound in Super Royal Hvo. Cloth Boards. 78 . Od. net. 

boi^xxs : 

For»Caleulating Wages on !he Bonus or Premium Systems. 

For Engineeringt Technical and Allied Trades. 

By henry a. GOLDING, A.M.Inst.M.E., 

Toohiuial AbSJbt.*int tf» 3 h*KMs Bi>.ili Donkin and Clench, Ltd., and AHsiMtaiit 
• in MtM-)ianicnl EiiKincciing at the NortliaTiiptoii Institute, London, E.C 

“Cannot fail to prove practically sftvvtcoablc i,i) those for wiioni tlu'y have been 
designed.”— 
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" Skcoin'' Kiution. Large^Svo, Handsoinc Cloth. With 

* IllustrsTJons, Tables, fee. 21s. net. k 

Lubrication & Lubricarts:- 

A Treatise on the Thev»y and Practice of Lubrication, and on ♦hg 
* Narire, Properties, r.nd Testing of Lubricants. 

* " hV*' and ^ 

LEONAKD AltcHBUTT, F.I.C.. R. M. DKKLKY, M.I.Mech.E , I‘\<4 S., 

Obemiat to iii R.v Co (ihu-1 Loco ynivi , Mid. liy Co. 

CoNTKcTTB.—I. iYictioii oX Solitls - II. Liiiiiid FiicUoii or Viscosity, and Plastic 
Frtetion.—III. SupcrflcialaTensLoii - IV. The Tlioory of Luiiricatlon.- V. Lubiicants, 
their tkiuroes, Preparation, ami Pioiierties. VI Physical Properties and Methods of 
Examiuutiun of Lubneiuils- VIE. Chemioul Properties and Methods of Examination 
of Lubricants.^ -VIIL The .Systematic TestiiiR of Luluicants by Physical and (Hiemlcal 
Methods.—IX. The Mochanieal Tesliiij; of Lubncanls.—X. 'J'lie Design an<l Lubrication 
of Boaringj".—XI. The Luhrication of Machinery.—INPKX. 

“Contains practically ALL that is known on the subject. Deserves the careful 
sttention of all Enffineers .”—RaUway OjJicicU iiazetfi'. 


Fourth Edition. VeryfvUy lUustrated. Cloth, 4s. 6d. 

STEAM - BOILERS: 

THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION, 

By R. D. MUNRO, 

Chief Snqiiieer of the Scottish Boiler hxmtranee and Kngine Inspectu^i Company , 
Gbnekal. Contknt‘..—T. Evi’ 1 o*;ions caused (i) by Dvcrhcaliiig of Plates —( 2 ) Ry 
Defective and Overloaded Safety Valves—Ity Corrosion, Internal o» External— ( 4 ) By 
Defective Design and (.'oiistiuction (Unsiippcitcd Hue 'J iibes , Dnstrengthened Manholes; 
Defective Staying . Strength of Rivtticd loinis, K;w tor of baict) )-11 Construction of 
Vertical Boiikks: Shells - Ciown T'laics and Uptake liilies—Man Holes, Mud-Holes, 
and Fire-Holch—Fireboxes — M.iii.igcmcnt — (leaning—’J'able of Bursting 

Pressures of Steel Boilris—Tabiw oi^Kivcitcd joints — .Speciiicaiions and Drawings 0 / 
Lancashire Boiler for Working i’ressurcs («) So lbs ; (/•) 200 lbs. per square iiu b resjiectively. 

“ A valuable companion for workmen and engineers engaged about Stci;uu Boilers, ought 
to be carefully studied, and alwav.s at hand.”—C«7 //. Guardian. 


By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Ilatidbook 
uased on Actual Experiment. With Diagram and Coloured Plate. 3s. 

/« Crmvn &vo. Cloth. Fully JllustraUd. 5 ^. net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Practice In General Tool Grinding-, and the 
Design, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

Introduction. —Tool Cirindmg.—Emery Wheels.—Mounting Emery Wheels, 
—Emery Kings and Cylinders. —('onditions to I......ire KlKcicnt Working.— 

leading Types of Machines. - Concave and Convex Grinding.—Cup and Cone 
Machines. — Multiple Grinding. — “Guest” Univeisal and Cutler Grinding 
Machines.—Ward Universal Cutter Giinder.— Press.—Tool Grinding.—I^thc 
Centre Grinder.—Polishing.— Index. 

“ Eminently practical . . . cannot fail to attnact the notice of the u.sers of this class of 

oikchinery', ana to meet with careful perusal.”— Chem. Trade JourttalT' 
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I-''^^URt:E I'AR'i'h. Crjjwii 8vo, n,in(ls*)ij(C Cldtii. \^cry i’lilly lilnstrafcd. 

isl'^OR-OAR MECHANISM «ND MANACEMENJ. 

By \V. BOYNTER ADAMS, M.In.'JT.E.K. 

IlsT THISEIi I=^32.T£». 

• • 

Part I.—The Petrol Car. Part II.—The Eleetrifiai Car. 
Part III.—The Steam Car. 


PART I.—THE PETROL CAR. 5^ net. ^ 

SF( ONI) Edition. Witli unpoii.ml n' w Appcndi.N, 1 11 iisi 1 ailin' .nul deriniiu; patt* 
of at Inal I'.irN 111 • 

Contents.—S ection I. —The Mecmamsm ot iiir. ri-.ruoi. C'ar.— 
The linjjuK*.—I'lie l'.n<;inc Accossoni*-..—lOlectn’tal an<l Xccessoiicb. 

—Mullijilo Cylin<lt‘v I’aij^incs. The Pehol.—Tin* ('lias'.is .iiul Driving Ciear. 
—Sfc'I ION II.— 'I'mk M ANACFMFN r oi- 'THE I'KiKoi. ('ak - Tlif Kiinme. — 
'I'he Fnt^iiu; At-t-fssoi ic's. 1 '’Jih li k al Ignition.—The (‘liassis .ind Driving 
Gear.—(i<MK*r;\l MaiiagLiTivnl.--.\ri‘KNl>lX. -(.Ji.ossauy.-- IM)1 \. 

“ .'^hoiilil hr i irc'fiilly sIiuIumI 1,^ lliusr wJio liavc aiiylhiii^ to ih> itli niolor.^.’ - AutO- 
ntoMU' ttiui ( ay>uti;i Jiuiii/i /<’//>///»/. 


Ill 8vo. llamlworiu' Cloth. Very Fully Illustiatod. IHs. n<^t. 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Working of Petrol Motors. 

By F. STRICKLAND. 

Oi-.NKU.M. 0<»NTi;sTs. -i’AKT I : Enoines.- IlisLoruMl. -pMiwr Rt (|uiml.—CoMcral 
AiTunK«*mcrir. <»f EiiRinch—Ijraiiioii. - (Javhuvi ttins —Cjliiidi is, I'lstmis,'V siIvcb, Ac.— 
Cruiik Sh.Ut.s, Cnuik (..Ji.inil)crH, ('.nns, Rmincr.'', iJimlcs. ai •• Pnmii'^ l-'hswheels. -- 
Pipe Anan^emenis —Sileneeis -Knt;nie L'ontiol, Ihil.uii inji Motor Oyele ICii-itin's • 
Maiiiie .Motairs—'Two-Cycle Motors T’aiadiii Caihurettois. tJas I’loiineers. PaiiT 
II.: CAl<f< Chaieval Aiiaii«ei*itMits lUutelies—TransuiisMou.-- Ditteu-iitial Ociirs. 

Universal .loiiits Axles.— S|)riiii;s. Raihus Rtuls. • I'.raki's - \\ heels - Kranies.— 
Steenn^f (<'eav. Radiator. — Steps, Miul^ruaixls, Roiinets, Ac.— Luhneatioii. — Rail 
Rcarinji.s Roilitis —Eaelors <.»f Salety. Calculations of Stie.sscs —S[>erial Chaiiifc Sjicetl 
Oears.— Sjiecial Cais.- •Comnierrial \ chicles.- Raeui;: Cars. — Inpkx. 


RiSdy iMMEmATELY. Ill Large Svo, llaudaome Cloth. \ory Fully 
lUu.strated by t^lutcs and Diagianie. 

TllE PROBLEM OF FLIGHT. 

By HERBERT UHATJ. EV, B. So. (Esc.), Lonodn, 

J.eoturcr ni Applied Mechanics, PortMUioulh 'Teclmi<"ivl IiiRtitute. 

^ONTtN'i.i—-Thc^rroblom of Flii^ut.—The. IIoUx —Tin* AiToplaiio —The Aviplano— 
llirigible Baloons —Korin and Fittings of the Anship—.\reiSNun’i-.si (,The /’osstbi/Uy of 
/YipA/, WtigM^ A t'lwrihh Wing, Iheorif or Halaiicr, —Inobx 
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'ZABbSS OB’BFIN A CO.'S PPBLJGATIOAB. 


WO^KS BY 


PEOFESSOR JAMISS0N:S AEVANCED TEXT-BOOK^. 

« ,ln Large Crown S2/0, Fully Illustrated, 

STEAM And. steam-engines, including turbines 

ANP 150IT>Kl\.S. For l)ie U'^e of Engineers and for Students preparing 
for Examinations With 8cx) pp., over 400 Illustrations, 11 Plates, many 
B. of E., C. and (j., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Jingiues, P'li- rKENTH Edition, Revised. 10s. 6d. 
“The Bssi* Book yet published for the use of Students "— Bngiruer. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst. C.E. E^arns. in (i) Applied Mechanics; 
(2) Strength and Elasticity of Materials; {3a) Theoiy of Structures; 
(ii) Theorj'ofMachines; Hydraulics. AlsoB. ofE.; C. and G. Questions. 

Vol. 1.—Comprising 568 pages, 300 Illustrations, and (^Hieslions: 
Part I., The IVinciple of Work and its Apphcalions; Part II.: Friction, 
Lubrication of Bearings, iS.c.; Different kinds of Gearing and their Appli¬ 
cations to Workshop Totds, &c. Fifth Eiiition. 8s. 6d. 

“Fully maintains the reputation of the AnxYiot.^-^Praci. Jintii/ieer. 

Vol. II.—Comprising Parts III. to VI., with over 800 pages, 371 Illus¬ 
trations ; Motion and Energy, Theory of Structures or Graphic Statics; 
Strength and li'lasticity of Materials ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 

“Wbll ano luciulv written ”—The Kneineer. 

♦»* Rack of the ahoi'e volumes f'» rempUie tn itself ^ and aold separately. 


ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., 

« Pohner/y Professor of Electrical ineering, The chts. and IV. of Scot, 


Tec^. CoU. 


PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crtyivn Svo. IVith Illustrations and Examination Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First-Year Students, forming an Introrluction to the 
Author\s larger Work. Eleventh Edition, Revised and Enlarged. 3/6. 
^'Should be in the liands of bvbky engineerinj; apprentice ”— Practical Rneinetr, 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First-Year Students. With Sliul Inst.C.E. and B. of E. 
Exam. Questions. Sicve.M’h Edition, Revised and Enlarged. 3/6. 

“A THOROUGHLY TRUSTWORTHY Tcxt-book. PRACTICAL and dear.”— 

APPLIED MECHANICS (Elementary Manual of). 

For First-Year Students. With B. of K., C. and G.; and Stud. Inst. C.E. 
Questions. Sevlntii Edition, K»»vised and Greatly Fmlarged, 3/6. 

“ The work has vbrv high QUALitirs, which loay be condensed into the 01^ word 
* CLBAR.' ” —Science and Art. 


A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By JoHr Munro, C.*..., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6 d. Eighteenth 
Edition. [Sec p. 48 General Catalogue, 

lONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER" STREET. 8TRAN0. 




USaWMBRINO AND NRCIIANiSs. 

-. - ^ -- 

.WORKS BY W. i. MACQOORS RANP^,, LLiif:, F.R.S. 

Thopouerhly Revised by WeJ. MILLtAR, C.B. 


•A I^ANUAL OF APPLIED MECHANICS: .'bo iTiyi iftg the 

Principles of Statics and Cinematics, and rheory of* c^irnotures. 
Mechanism, and Machines. With Numerous Dia^r'^Mis. Cromi Svo. 
Cloth. Skvkntkknth Ewtion, ISs. 6d. • 

A MANUAL OF CIVIL ENGINEERING; Comprising Engin¬ 
eering Surveys, Earthwork, Foundations, Masonry, Car^ntry, Metal 
Work, Hoads, Hallways, Canals, Rivers, Waterworks, Harbours, &.c. 
With Numerous Tables and Illustrations. Crown 8vo, Cloth. 
TwKNXY-Tnnin Edition. 16b. 

A MANUAL OF MACHINERY AND MILLWORK; Com- 

prising the (leometry. Motions, Work, Strength, Construction, and 
Objecte of Machines, W'ith nearly 800 lllustratiouH. Crown 
8 vo, Cloth. Skvknth Edition. Pis. 6 d. 

A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and Ais 
Enuinks, by Rkyan Donkin, M.ln8t,C.K. With B'olding Plates 
and Numerous Illustrations. Crown 8vo, Cloth. Sixteenth 
Edition 12s. 6d. 

USEFUL RULES AND TABLES: Eor Architects, Builders, 

Engineers, Founders, Mechanics, Sliipbuildcra, Surveyors, &c. With 
Appendix for the use of Rdkotkioal ENOiNEEEi*. By Professor 
Jamikaon, M.Inst.O.E., M.I.E.E. Seventh Edition. 10s. 6 d. 

A MECHANICAL TEXT-BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. l>y Professor Rankins 
and E. F. Bambkk, C.E. With Numerous Illustrations, thrown 
8 vo, Cioth. Fifth Edition. 9s. 

*«* 77l€ Mbchahioal Ticxt-Dook " was designed by ProfeaBor Bankink as an Iktbo- 
DUCTION CO the above Senes of iianuats. 


MISCELLANEOUS SCIENTIFIC PAPERS. Part r. Tempera- 

taro. Elasticity, and Expansion of Vapours, Liquids, and Solids. 
Part II. Energy and its Tnyisfurmations. Part III. Wave-Forms, 
Propulsion of Vessels, Ao. With Memoir by Professor Tait, M.A. 
With hue Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 31s. 6tl. 

No more enduring Memorial of Professor Rankine could be devised than the pubtioi'* 
4iDti of the^ pai^s in an accessible form. . . . The CoUecrion is most valuable on 

account of the nature of his discoveries, and the beauty ai^ completeness of his analysis." 
-’Archiiti.i. 


lONDOM: UHA<U.ES gIiIFFIN dl: CO.. LIMITED, EXETER STREET, STRAND- 
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Gi^lFFlN <& OO.^S PUBLICATIONS. 

Tlliri) Edi'I ION, Thoroughly Rt'vhed and Enlarged. With 6o Plates and 
Numerous IIP strut ions. Handsome Cloth, y^s. 

HYDRAULIC POWE-fe 

' ' “and ‘ 

HYDRAULIC MACHINERY. 

J BY 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

FEI.LOW or king’s COL.LKGR, LONDON ; PROF. KMEHITU.S OF CIVIL ENGINKBKING, 
king's college, BTC., BTC. 

Con I KNT'. - Diseii.inie tlimni’li Orifires.- Flow of Water llirou^h J’ipcs —Accumulators.. 
—i’rcsscs anti T.ifts. -Iltosis - Kaiiis — Hvtirtiulu. hnyines—Punipiug Engines.—Capstans. 
— 'JVaversci.s.—J.itks. — Weiglmig Mathuits — Kivelcrs anti 'Tools —Punching, 

Shearing, and l''l:ingiiig Maclniies.—(Jiains. — C'o.al I >is( liarging AI.Tfliiiits—Diillsand 
Cutlers.—PiieDrucrs, F.ac.iv.iIoi s. ,R<. - Hydr.iulii M.ieliint'ty .i|ij)lieti lt» I'ntiges. Dock 
Cates, Wheels .iiul Turbines.—Sliiclds. — V'arunis Systems aiul Power licst ill.Tlion.s — 
Meters. &t'.--I njjhx. 

“The staiidaid work tin the .tpplication of w.xlcr powci.”—Crt^j/Vr'r Miit^nzine. 


Smond Edition. Greatly Eulattjvd. Wdh Frouthjdect, several 
Plati-a^ and over 25U JUvAitraUvun. 2l.s-. net. 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING' MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical illustrations of Engines and Pumps applied to 

Town Wateu Sfppj.y, Dkainaok of Lands, &c., also Economy 
111 and Efficiency Trials of Pumping Machinery. 

By KENBY l^AVEY, 

Member of the InsUtutioti of Civil EngineerK, Member of the Institution of 
Meubanical Engmeors, F Q.8., tfcc. 

Contents —Early History of Pumping Engines—Steam Pumping Enginfed-'::;^^ 
Pumps and i’uinp Valves—General Principles of Non-Rotative Pumping 
Engines—'J'he Cornish hingine, Himiile and Compound—Types of Mining 
Engines—Pit Work—Sliaft Sinlung—Hydraulic Transmission of Power in 
Mines—Eleotrio IVausraisston of Power—Valve (ilears of Pumping En^nnes 
— Water Pressure Pumping Engines — Water Works Engines--Pumping 
Engine Economy and Trials of Pumping Machin.^j—Centrifugal and other 
Low-Lift Pumps—Hydraulic Rams, Pumping MCains, &c.—I ndkx. 

“By the *oqo Buglish Enitmecr who probably knows more aiiout Pumping Maohlnery 

than ANY OTSKK ' ... A VULDHK KBOOKDING TUR RBSULTS CF LONG BKFBRIBNCB AK~ 
8TUDT.”—TVir Engtueer. 

“ Undoubtedly tur best and host prautioai. trkatisr on Pumping Mactainory that has 
TST bbun vvmASR»i>."’‘~Min%ng Journal. 
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Ai'^PiiESs. Ill Lav«je Ilandaonie Cloth I'vofuB^iy llh*gtrat#(l 

In Two Volumi-k Kach Cyinpu>tc'.'i i.sdf, and 


1. ^iinpu 

iS»'Ll. SEI’AKAT^LY. 


'the: ]p e: Sb.i 


CONSTRUCTION OF. tSHITS. 

ISy JOHN HA]!.VA1U» BILES, M.Inst.I^.A., 

PrornHfior ol Nava! Archit<'t'tnr«* in (Jlasgow llinvoiHity. 

oi’ Voi.rMi; 1 1’AHT 1 • 0«noial roiisiileiTitioiis —Mctlimls o^TK'tcniiiu- 
turn of Iho \ oluTiH' .Hid I'oHtie ol Or.ivuy ol n known Solid -- (.iiapliic IJuIc.s for 
nteirrution > olmiirs and Centre of (liaxity t<l Volumes.—l►l*lllH•atlon and hcserjpUvo 
ieoiiietivof a Slop's t'orni. l>ea-rn»( ion and histanoos of Ship’s Komis- Desenptioii 
r Types ol sliip.s l‘Ai:T II. • Cah-iilalioii ol Disj.lat’i-rmiil, Crntio of Huoyaiiey aiiU 
iVeas.— Melaeentics. Turn CoeHicients and Standaidisjiif; UcMiUs of Shij) Caleida* 
ioiJB • Inst|•llnu■nts Useil to Detenmiie Aieas, MmiientH, niid jMonn*nt.s ol Joeiliu of 
*laiif Curves Csugo Cajiamlies KHecls on i»au;j,hl, Tuni, and Initial .Slaldlity duo 
o li’loodin^ Coinjiartmenls - 'lonnaue. Kieeboaid - Launehintr. Ai>]»healioii of the 
tileuiiiph to SItij* CulculaLioiis. -Stiainiiiu due !«• I iKM|ual IiiutrinutKjn 

I \\ eiylit and lUioyancj —(.'oiiMdiTat ion of Stresses in a. (Jiidei.- At»i>lieation of Stress 
'orniiilie to the Si'ctioii ol a Slop Sliearintr Koiees and r*eudni|r Moments on a Ship 
mont'st Wave's — Stresses on llie Stim-ture when Inehncd to the t'pnnht 4>r to the 
am ot Advauee of the Waves. Distnhuli .n of Pressure on the Keel lUoi-ks of a 
h-ssel in Dry Dotk Consnlenition of Comjuession in Ship Structure. 


BV PROFESSOR BILES. 

LECTURES ON THE MARINE STEAM TURBINE. 

With 131 iHusiraiions. Price 6s. net 
See page 28. 


hoyal 8uo, Handsome Clotti, With numerous Illustrations and Tables 25$. 

THE STABILITY OP SHIPS. 


BY 

SIR EDWARD J. REJiD, ICC.B., F.R.S., M.F., 

MMiaffr or thb imperial orders of st. stakilaus of Russia: francis josefh of 

AUSTRIA ; MRDJIDIS OF TURKEY; AND RISING SUN OF JAPAN; VIC*- 
FRBSIDRNT OF THB INSTITUTION OF NAVAL ARCHITECTS. 

“ Sir Edward Rkbd’s** Stability of Ships ’ is invaluablb. The Naval Arcmiti^ 
w4ll find brought t^et’ner and ready to his hand, a mass of information which he 
wise have to se^k in an almost endless variety of publicauons, and some of which he would 
possibly not be able y obtain at ali elsewhere.’*— 
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OHABIjBS QRlFFIir ^ OO.’S PUBLJOATIONS. 

W671KS BY THOMAS WALTON, 

NA’fAL ARCHITECT. / . 

- - - - - 

' Third Edition. Illustrated with Plates, Numerous Diagrams'' and 
^ Figures in the Text. i8s.,net 

. .STEED SHIPS! 

THEIB CqNSTBTTCTION AND MAINTENANCE. 

A Manual jor Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers. 

By THOM'AS WALTON, Naval Architect, 

AUTHOR OP “know VOUK OWN .SHIP.” 

CONTENTO. —I. Manufacture of Cast Iron, Wrought Iron, and Steel.—Com* 
position I'f Iron anti Steel, Quality, Strength, Tijets, &c. IX. Classitication of 
Steel Ships. III. OonsuleratitHie in making choice of Type of Vessel.—Framing 
of ShipH. IV. Strains experienced by Ships.—MetfitKla of Oomputing ana 
Coimiaring Strengths of Ships. V. Construction of Ships.—Alternative Modes 
of Construction —Types of Vessels.—Turret, Self Trimming, and Trunk 
Steamers, &c.—Rivets and Kivotting, Workmanship. VI. Pumping Arrange¬ 
ments. VII. Maintenance.—Prevention of Deterioration in the Hulls of 
Ships.—Cement, Paint, Ac. —Index. 

“ So thoroukih and wetl written is every chapter m the book that it is diilioalt to select 
any of them as being worthy of exceptional pni-se. Altogether, the work la excellent, and 
will prove of threat value to tboae for whom it is intended.”'--'TV Kng%neer. 

At Press. In Handsome Cloth. Very fully Illustrated. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers, 
i.Y Tiros. WAI/l'ON, 

Author of “Know Your Own .Siilji.” 

General Contents.— Classification. —Materials used in Shipbuilding.— 
Alternative Modes of Construction.—Details of Construction,—Framing, 
Plating, liivettiwg, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Ixiadiug and Discharging Gear, &c.—Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c.— Index. 


Ninth Edition. IlluHraUd. ffandnome-Cloth, Crown Svo. 7s. 6dm 

The Chapters on Tonnage and Freeboard have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects. * 

KNOW YOUR OWN SHIP.. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships’ Officers, Shipowners^ 
Superintendents, Draughtsmen, Et.yineers, and Others, 

Contents. — Displacement ami Deadweight. — Moments. — Buoyancy. — Sti’aiu. — 
Structure. -Stuinlity — Uolliiig. - Ballasting.— Loading.-Shifting Oargops.—Effect of 
Adinlssiou of Water into Ship.- Trim Tmuiage. — Kreehoard (LDad-liiie). -CalculationB.— 
Set of CalculutionB from Actual Drawings.— Inj>kx. 

The work is of the hlgliPHt. value, and all who go clown to the »«*a iu ships should make them- 
selves acquainted with it.” —iSfctppinu fyorhi (on the new edition). 
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NAUTICA-. 

GRIFFIN’S “nautical SERIES# 

Edi'j bd by EDW., BT^At’KMORE, 

Master Mariner, First ®la^;8 Iriulty Ho\up^Certift''ate, Assoo. Inst. N.A. 

• And Written, mainly, ].y Sailors lor Sailq,HS. 


'This ADM^KAbLK SKurEs.”— Fairplay. * “ A vert usefiA bURms ' 

“Every Ship should have the whole Series as a TlEFEREios 14 £l.(RY. Hand¬ 
somely BOUND, OLEARLY PRINTED aiul ILLUSTRATED .”—LiOfirpool Joum. (if C'. -/wnerCS. 

- '*• .. 

The British Mercantile Marine: An Historioni sketch oi ita Rise 

and Development. Uy the Kditou, Cai*t Blackmore.• *.{. Oil. 

“Captain Blackmore8 SPLENDID BOOK . . . contains parnfiraphs on every point 
of Interest to the Merchant Murine. The 2i:i padcs of this Ixaik are THE most VALU¬ 
ABLE to the sea captain that have ever been ooMPn^ED.”— 3fercha7U Sefvice Review, 

Elementary Seamanship. By I) Wiuson-Bakkkr, Master Mariner, 
F.K.B.E., F.K.U.S. \Vith numerous Plates, two in Colours, and Frontispiece. 
Fourth Edition, ThoroiiKhly Keviscd. With additional Illustrations. Os. 

“This ADMIRABLE MANUAL, by Capt. WILSON BARKER, oi Lli'j ‘Worcester,' seems 
to ns PBRFEOTLV DESIONKl).”- Athniotum. 

Know YOUP Own Ship : a Simple Kxplauatiou of the Stability, Con- 
.struction, TonimRe, and Freeboard of Hhips. By Tuos. Walton, Naval Architect. 
Ninth EumoN. 78. fi<l 

“ Mr. Walton’s hoi*k will be found very uskpul.”—' f’Ac Knyvneer, 

Navigation: Theoretical and Practical. By D. Wilson-Babkbk 
and William Allinghah. .second Ed. .ion. Revised. Ss. 6d. 

“Precisely the kind of woik requireil for the New Certificates of competency. 
Candidates will find it invaluable.” - Thtiider Advertiser. 

Marine Meteorology I Kor Officers of the Merchant Navy, By 
William ALLINQUAM, FDwt (‘lass Honours, Nuvii;ation, Science and Art Department. 
With llJustratiuns and Maps, and facsimilp reproduction of log page 78. 6d. 
“Quito tiio best publication on tint, subject.' - Shtppinfr Gazette. 

Latitude and Longitude: How to And them. By W. J. Mili,ak, 

O.K. .SECOND Edition, lU'vIsed. 2s. 

“ Cannot but prove an uoiiuisitiou to those studying Navigation.”- -ilfaWjie Rnytneer 

Practical Mechanics : Applied to the reijuiremeuts of the Sailor. 
By Tuos Mackenzie, Master Mariner, F.R.A.J:>. Second Edition, Revised. dd. 
“ Well WORTH tht money . . . exceedingly helpful.”—6 ’A»ppt»y WorUf. 

Trigonometry: For the Young Sailor, &c. By Rich. C. Buck, of the 
Thamch Nautical Training College, H.M.S. “ Worcester.’' Third Edition, Revised. 
Price 3s. 6d. 

“This EMINENTLY PRACTICAL and reliable volume ScAoofwwwter. 

Practical Algebra. By Rioh. C. Buck. Coinpauion Volume to the 

4bove, for Sailors, ami others. Sk<’om> Edition, Revised. Price 8s. 6d. 

“It Is JUST THE BOOK for the youug Bailor mindful of progress.”—jVatdica^Jfaj^asi^is. 

- - - - . - 

ThS Legal Duties of Shipmasters. By Bbnkoict Wm. GiNSBUBa, 

M.A.,XL.D., of the Inner Temple and Nortiiern Circuit: Barrister-at-Law. SECOND 
Edition, Tlioroughly Revised and Enlarged. Price As. 

“ Invaluable to masters. . . . Wo <'an fully recommend It."— Shipping (jhixette. 

4 Medical ^.nd Surgical 

Aid at Sea. l?y Wm. Johnson 
H tMpita], Qreeywloli. Third 
_“SOUND, JUIU0I0U8, REALLY I 


^LONDON: 0HARL€S GfypFlN & CO., LIMITED, EXETER STREET, STRAND,* 


neip lor onipmastors. Including First 
f Smith, F.R.C.S. nioclpal Medical Officer, Seamen's 
Edition, Thoroughly Revised. 6 b. 

IBLFFUL."— The Lancet. 
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C/^ASJfJSlS OJtJtFFlN d! CO.'S FUBLICATIOHS. 

ORirFIN'P NAtTTICAL SERIES. 


Introductory Volume. Price Ss. 6d. 

1 . T IX XJ 

British Mercantile Marine. 

M EDWARD BLACKMORE, 

MASTER MARINER; ASSOCIATE OF 'J HE INSTITUTION OF NAVAL ARCHITECTS; 

MEMBER OF THE INSJITUTION OF ENGINEERS AND SHUTlUILDERS 
IN SCOTLAND; EDITOR OF GRIFFIN’S “NAUTICAL SERIES 

General Contents. — Histouical : Vroin Early Times to USC—Progress 
ouder Henry To Death of Mary—During Elizabeth’s Reign—up to 

the Reigh of William III.—The ISth and lUth Oontmies—Institution of 
Examinations — RiHo and Progress of Steam J*ropulsion — Development of 
Free Trade—Shipping I>egislation, 1862 to 1875—“ bocksley Hall” Case— 
Shipmasters’ Societies" Loading of Ships—Shipping Legislation, 1884 to 1894— 
Statistics of Ship]iing. The Pkrsoitnkl : Shipowners—Officers—Mariners— 
Duties and Present Position. Education: A Seaman^s Education: what it 
should be—Present Means of Education—Hints. Discipline ano Duty — 
Postscript—The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

** Intsrkstino and Insybuctivk . . . may be road with profit and knjoymimt.”- 
Slatgoto Herald. 

“Evert branch of the subject is dealt with In a way which sbows that the writer 
‘ knows the ropes' familiarly.''—•Scotsmen 

“ This APKISABLR hook . . . TKKMH With OBOful information—Should be in the 
hands of every Sailor.”— Wentern Moi-nttig Netet, 


Fourth Edition, 2'horowjldy Revised. With Additional 
Illustrations. Price 6s. 

ELEMENTARY SEAMANSHIP. 

* BY 

D. WILSON-BABKEU, Master Mariner; F.R.S.E., F.K.G.S., &c., &o. 

TOCNGBR BROTUER OF TUK TRINITY noUSE. 

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 
in the Text. 

Genf.ral Contents. —The Building of a Sliij); Parts of Hull, Masts, 
Ac,—Hopes, Knots, Splicing, &c. — Gear, I^ead and lA>g, &c. —- Eigg^g, 
Anchors — Sailmakmg — The Sails, &c - Handling of Boats under SmI — 
Signals and Signalling—llule of the Kodd—Keeping and Helieving Wafedi— 
Points of Etiquette—Glossary of Sea Terms and Pb'*** bs—I ndex. 

*,• The volume contains the hew kulkb of the road. 

“This ADKiBABLK HAHCAL. by Oapt. 'Wilsoh-Baiuu:b of tbe ‘^Worcester,’ seeniB to us 
FEBFBCTLT DKBtONRD. BUd holds its plaoc excellently in * (:1rtffih’s Nautical Sekucb.’ . . . 
Although intended for those who are to become OCDcora of the Merohart Navy, it will tM 
found useful by all taohtsuek.”— 

*»* For complete List of Gbiitfin’s N autioal Series, see p. 39. 
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NADTIGAL M 

amFFiig’s NAvn?icA\ sebjlWs. 

Slt^CND Edu'ION, ^etisCil and llJhistrni'id. Prwr Ss. 6it.\ 

N A VI a A T'l d ISf 

PKACmCAX. AND XHKSOPtBOFIC; AD. 

Bi BAVID WILSON-BARtilK, K.N.K., F.jS.^.E., &c., &o., 

AN1> 

WILLIAM ALLLNOHAM, 

FIKHT-0LA88 UUNOUIia, NAVIUATH'N, 8CIEN0F ANI» ART BKI'ARTMBNT. 

TOitb flunicrous ^lliisttatlone anO 36iainlnaUon (Slutfstlona. 

Gbnbbal Contents.— DeBnitioim—Tiatitnde ami Longitude—Tnfitrumento 
of Navigation—C%)m*‘;tion of (\)urRes—Plane Sailing—I’ravcrse Sailing—Day’s 
Work — Parallel Sailing—Mi<l(llo Ljititude Sailing — Mercator’s Cbt^— 
Mercator Sailing— Current Sailing—PoKitbui by Bearings—Great Circle Sailing 
—The Tides—Questions—Appendix: Compass Error—Numerous Useful Hints. 
&c.—Index. 

“ Pbroisei-t tho kind of work required for the New Certiflcates of comiietoncy in giikdea 
from Becond Mate to extra Master. . . . CandldaUis will find it iNVAWJABLB.”--Z>Mn<i« 
Adverttter. 

"^A. CAPITAL LiTTLK KOOK . . . Specially adaptCMl to the New Examinations. The 
Authors are Oai*t "Wujjon-Barkrr (Captain-S' y -^rmiendeut of the Nantioal OolleRe, H.M.B. 
' WoToester,’ who has had great exporionoo In the highest problems of Navigation), and 
Mr. Aixinorau, a well-known writer on the Science of Navigation and Nautical Astronomy.” 
—Shippvng World 


Ifandsome Cloth, Fnlhj llluatiutud. Prict' 7a, Cd, 

MARINE METEOROLOGY, 

FOE OFFICBES OF THE MEECHANT NAVY. 

By william ALLINGHAM, 

Joint Author of “Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

IMTRODtTGTOKV.—Instruments Used at Sea for Meteorological Purposes.—Meteoro¬ 
logical Log-lJooks. — Atruosphenc Presbiue. Air Tempeiatmes.-Soa lomperaturos.— 
Winds.—Wiud Force Scales.—History of^^he Law of Storms.—Hurricaues, Seasons, and 
8tor% Tracks.—Solution of tho (-yclone Problem.—Ocuau Currents.—Icebergs.—Syn* 
ebro^us Charts.—Pew, Mists, Fogs, Tiid Haze.—Clouds.—Rain, Snow, and Hall.— 
Mirage, Rainbows, Coronas, Halos, and Meteors.—Lightning, Coniosants, and Auroras.— 
QuESTioNa—AppKNnTx.—I ndex. 

” ttnito the bkst publicfiuon, and ri'rtaiiily the most intebestiko, »ii this subject ever 
p^aenteil to NauticAl won. Shippin*’ 'lazetu, 

*,* For Complete List of Griffin’s Nautical Sebiks, see p. 39. 
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«• otf^RLmi sRi^rin 4 ao.'a puBLWATiotn, 
GRIFFIN^S NAUTICAL SEBIES. 

Skoond Edition, Revised. WitKNumerous Illustrations. Price Ss. 6d. 

Practical Mechanics: 

Applied tf> tlie Requirements of the Sailc". 

*. B THOS. MACKENZIE, 

Mailer Marinei\ F.R.A 8. 

Genek-wL Contents.— Resolution and Coniposition of Forces—Work done 
^ Machines and Livjnj; Ageuts—The Mechanical Powers; The Lever; 
Derricks as Bent Levers—'Phe Wheel and Axle: Windlass; Ship’s Cax>stan; 
Crab Winch—Tackles: the “Old Man”—The Inclined Plane; the Screw— 
The Centre of Gravi^ of a Shij» and Cargo — Relative -Strength of Rope : 
Steel Wire, Manilla, Henn>, Coir—Denlcka and Shears-'Calculation of the 
Cross-breaking Strain of Fir Spar—Centre of Etfort of Sails—Hydrostatics: 
the Divu^-bell; Stability of Floating Bodies ; the Ship’s Pumi>, &c. 

“ This EXCELLENT KOOK . . . contains a LARGE AMOUNT of information.” 
— Nature, 

“ Well WORTH the money . . . wnll be found exceedingly helpful.”— 
Shippitip World. 

“No Ships’ Offk’kks' bookcase will henceforth be conndete without 
Captain Mackenzie's ‘ Practical Mechanics.’ Notwithstanding my many 
years* experience at sea, it h;w t<»hl me ]uyw vixich more, there in to acQuire," — 
(Letter to the Publishers from a Master Mariner). 

“ I must exi)reHH nty thanks to you for the labour and care you have taken 
in 'Practical Mechanics.* . . . It is a life’s experience. . . 
What an amount wo frequently see wasted >)y rigging purchases without reason 
and accidents to spars, &c., &c.! ‘Prai'TK'al Mkchanick’ would have all 
THIS.” —(Letter tlie Auth(*r from another Master Mariner). 


WORKS BY RICHARD C. BUCK, 

of the ThameM Nautical Trainlug Uollege, H.M.S. ' Worceater.' 

A Manual of Trig*onometry: 

With Diagrams, Examples, and Exercises. Price 3s. 6d. 

'J’iiiKD Kdition, Uovised and Corrected. 

*** Mr, Buck’s Text-Book has been specially prepared with a view 
to the New Examinations of the Board Oi' Trade, in which Trigonometry 
is an obligatory subject. 

**ThiB KMINKNTLV PRACl'IOAI. aUil BKMABI.H VOLUUK "— SdiOOlmastiT. 

A Manual of Alg^ebra. 

OoBigned meet the Requirements of Sailors and others,'' 
Second Edition, Revised. Price 3s. Gd. 

%* Those elementary works on alqsbka a.~.d TitiaoNOMBTRv aro written specially for 
those who will have little opportanity of oonsultiug a Teacher. They are hooks for 
HKLr.” All hut the simplest explanations have, therefor' on avoided, and answkbs U 
the Exercises aro given. Any person may readily, by caretul study, liecome master of theL* 
uontents, and thus lay the foimdaUon for a further mathematical course, If desired. It is 
hoped that to the yonuger Officers of our Mercantile Marine they will be found decidedly 
•ervioeahle. The Examples and Exercises are taken from the Examii^tion Papers set for 
the Cadets of the “ W orcester. *' „ v 

** Clearly arranged, and well got up. . . .A first-rate Elementary Algebra. •> 
Ufautieal Magatint. 

_ *4*ror complete List of CBimw's Naoucal SaaiKa. see p. 89^_ 
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NAl^TWAJ' WORKS, 

GRIFFIN’S NATJTICAR S^fEB. 

. — . . .— . .. . 

.SBr^)Ni> KdttK/N, Thoroughly Keviscd aRd Extt nded. In 

HandHome Cloth. Prico 4s. 'id. p , 

m LEGAL DUTIES-OF SHlPpSTERS. 

BY 

BENEDICT WM. GTNSBURG, M.A., DG.D. (CXntar), 

Of the Inner Temple and Northern Circuit; Jiiffrisit i-at'haw. 

General Contents.—I'he Qualification for the Position of Siupmaster—llie Con¬ 
tract with the Shipowner—'I’he Master’s Duty in respect of the Orea*: Engagement 
Apprentices; Discipline; Provisions, Accommodation, an«i Medical (Jomforts ; Payment 
of Wages and Discharge -I'ho Master's Imty in respect of the Passengers—T^e Master’s 
Financial ResponaihiliMes—The Master's Duty in respect of the Cargo—Ire Master's 
Duty in Case of (huualty—'i'he Master’s Duty to curtain Public Authorities—'i'he 
Master’s Duty in relation to Pilots, Signals, Flags, and Liglit Dues—The Master's Duty 
upon AiTiva) at the Port of IijBcliaigo—Appendices relative to certain Legal Matters: 
Board of lYado Cortilicales, Dietary Scales, Stowage of Grain Cai^oos, Load Line Begula* 
tious, Life-saving Appliances, Carnage of Cattle at Huu, &c., (fee.— Copious Index. 

“ No inteUlgont Master should fall tu add this to Iiih list ol necessary books. A few liueB 
of it may navk a lawi r k’s kbe, ui£sti>i!.s ani>i.i^K woeu\ ”— Liverpool Journal of Commerce, 

''SRHSIRI.R, plainly wiitten. In cbeau and non-tfgumical language, and will be found of 
Muon ftKBViCB by the Shipmaster "—lirtiisn Trade licvietD. 


Second Edition, Hevised. With Diagrams. Price 28. 

Latitude and Longitude: 

Ho-w- 4>o Find Aliem. 

By W. J. MILLAR, C.E., 

Zrate Seereiary to the irnt. of Eng\ne(r$ and Hlnphuihlen «'« Scotland. 

“ ‘’ONOLSELY and CLEAKLY WRITTEN . . . cannot but prove an aixiuisitioD 
to those studying Navigation.”- Marina Engineer. 

“ Young Seamen will hnd it HANDS and itrepui., simple and CLBAB.”—ITAd 
Engwrer. 


FIRST AID AT SEA. 

Third Edition, Keviaed. Witli (coloured Plates and Nuineroue Illustra¬ 
tions, and cowipriKim; the latest ilegulations Respecting the Carriage 
of Medical Stores on Board Ship. Trice Os. 

A.MEDICAL AED SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, P.B.O.S., 

Principal Medical Oftlcer, Seamen’s Hospital, Greenwich. 

•,* The attention of vll hiterostcd in our Merchant Navy is requested to this exceedingly 
Uieful and valurplo woiic ft is needless to say that it is the outcome of many years 
niACTiCAL EXFi III KECK umongHt KeomoD. 

“ SotTND, JUDIOlOl^ KKALLT HELPFUL TA* Lancct 

*,* For Complete Vist of Gbiffin’s Naotioal Sbbibs, nee p. 39. 
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O&AUf'SHS GRTFFIN dk CO.’S PUBLICATIONS. 


GAyFFIN;S NAUTICAX fiEBIES. 

NT'N^IT Edition. Rcri.scd, Chap/erti on Trinif Jjuoi/anrff, and Oaicula^ 
llhistratioiiH. Ilaiid!' 0 ni(. G/olhy Cron'ii Sro. Price 7<J. Od. 

KNOW YOUR OWN SHIP.^ 

• 1 {> THOMAS WALTON, Naval Arcuitiwit. 
Specially arranye ■ to suit the leyuirements of Ships’ Officers, Shipowners, 
Jiupeiffiteiiclenis. Drauyhtsmen, Enyineors, and Others. 

Tins w>‘rls explania, ni «.simple maiiiior, mhcU import,uiit subjects nB--Dihplac«‘mont,—> 
Uetulw Mgnt.—'lOuiunrt' - I* t<*et>oai d — 3]oim*iits — liiio\i>m‘y.—Sir»iiii.- Strm-turo.—Stab- 
ihU —Itolliuj?.—- LuiKltn;;. —SlnTtiiig Cartoon — Adnu.sMon of Water—Sail 

litllilA'oK MiillH (omul i \( t;f hl.Nc.iA iiwio l*.\ mo-it olli- lT-* unil <it»i<Mals ctmiiepled 
witli sliippiuir Mj W.dP.i*'* will obt.mi i.A'<r»N<. .-rio.S'. Ikt.hisi- of its unique 

tttlicfs 1or}b«.s< liM niKUii it li%s b'<‘n uiil <'ii <nlii 

BY THB SAME AUTHOR. 

Steel Ships: Their Construction and Maintenance. 

(See page 38.) 


Sixteenth Edition, 'fhoronghty Jievined. Large 8<;o, Cloth, 
pp. i-xxivH'70S. With 280 lllnHtralionSy reduced Jrom 
Workintf JJratvingBf and 8 Pinlcft. 21.x. net. 

A MANUAL. OP 

MARINE ENGINEERING: 

COMPRISING THE DiSsiGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A. E. SEATON, M.I.C.E., M.I.Meeh.E., M.LN.A. 

GtENEKAL Contents. — Part I.—Principles of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part III.— Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, Hic. Part IV,-iVopellers. ]>akt V.—Boilers. 
Part -VI.—Miscellaneous. 

‘‘The Student, Draugbiaman, and Kneineer • nil find this work the most valuable 
Handbook of Refemncf* on the Marine Engine now in existence.”— ./tfaHne Ernfituer, 


Ninth Edition, Thoroughly Revised. Pocket-Size, Leather. Ss. 6d. 

A POCKET-BOOK OP 

M&RIHE EIIGlNEEROie RULES AND TABLES, 

FOR THE ViSE OF 

Marine Engrineers, Naval Arehlteets, D*- ’mers, DraugrbtsiSien 
Superintendents and Otners. 

By a. E. SEATON, M.I.O.E., M.I.Meeh.E., M.I.N.A., 

AND 

H. M. ROUNTHWAITE, M.I.Meeh.E., M.I.N.A. 

“ The best book of its kind, and the iiifonaation is both up-to-Aate and reliable.”— 
Engi neer. __ * _ _ 

• IfiNDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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WORKS BY PRqjF. ROBERT* H. SMITH, 4ssoc.M,LC.E„ 

H.l.Mech.E., SLI EU... M.I.MijuE.« V hi? S^-'b., U.Ord.MeiJL 

- « - 

THE OALCULiTS KO? F.rSGINEERS 
• AND PHtSICISTa 

Applied to Technical Proems. 

WITH EXTENSIVE 

OI.A8SIPIED REFEKENCE LIST OF INTBOBALS, 
By PROF. ROBERT H. SMITH. ’ 

ASSISTED BT 

R F. MriRHEAD, M.A., B.Sc., 

Formerly Clark Fellow of tiluegow Uuiversity, aud Lecturer on MathematlOH at 
Mason C<illego 

In Croton 8vo, extra^ with IHagramn and Folding-Plate. 8b. 6d. 

•' Prof. E. H. Smith's b<M>k wDI lie 8«‘rviimble in rendering a bard road as bast as pbactic* 
ABLE for the mm-matheinatical Hludont aixl CuKlneer "— Athma-um 

" Interesting dlagraniR, with practical illustrntionK of actual occutrcnrc, are to be found here 
in abundance Tnx vbbt complbtb i'Larhifikb hbfbbkbck tablb will prove very useful in 
saving tlie time of those who want an integral in a burry ."—Tht Kiigiiutr. 


MEASUREMENT CONVERSIONS 

(English and French): 

43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 

Showing at a glance the Mutual Convbibsion of Mbasuukments 
in Diffekbnt U:^fITa 

Of Lengths, Areas, Volnmes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, &c. 

For the use 0/ Engineers, Surveyors, Architects, nnti Contractors. 

In 4to, Boards. 7s. 6d. « 

*,* Prof. Smith’s Conybhsion-Tables form the most unique and com¬ 
prehensive collection ever placed before the profesBion. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer’s Office will be 
ooniidered complete without them. 


Pocket Size, Leather Limp, with Oilt Edges and liounded Curners, printed on Sjieoial 
Thin Paper, with lilnstratious, pp. i*xii + 8tJ4. ITlco 18s. net. 

(THE NEW » NYSTROM ”) 

THE MECHANICAL ENGINEER’S REFERENCE BOOK 

A Handbook of TahltHy Fomndw and Met.hods for Engineers^ 

. Sltidmls and Dran^hiisniffu. 

By henry HARRISON fSUPLEP; B.Sc., M.E. 

“ We feel 8ur#lt will be of groat service to mechanical Engineering. 
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OH^iRhks aSIfFlN <6 CO.’S PVBLICATJONS. 

— ^ - 

\ Second Edition. In Large 8 vo. Handsome Cloth. Ids. 

CHEMISTRY FOR ENtGUNEERS. 

'( • f BY ' 

. bi;rtram blotjnt. and a. g. bloxam, ’ 

y.l.C.. F.O.S./a.I.CE. , , r.I.C., F.0.8. 

OENtfRAL CONTENTS.—Introductton—Chemistry of the Chief Materf:li 
of CouBtfaotlen—Scrtrces of Energy—Chemistry of Steam-ralslng—Chemls- * 
try of huhrlcaclon/And Lubrlcauts—Metallurgical Processes used In the 
Winning and Mami. '.cture of Metals. 

“ The sn&ore have BuccaaDU) beynuil all capectatlcin, and hare prodnced a work which 
snonla «ito frksh pgwkr to Etiuijjcor and Munufuctarer.”—T’*? Tunes 


By the samc^Anthora, “Ciiiomistky for M ANin-ArTDUKRS,” seep. 71. 

•• ■ • “ — — 

THE ELEMENTS OF CHEMICAL ENGINEERING. By 

J. Gko.ssmann, M.A., Ph.l)., F.I.C. With a Preface by Sir 
William Pam.sav, K.Ci.B., F.Ii.S. In Handsome Cloth. With 
nearly .fO Illustrations. .Is. (id. net. [See page 70. 


At Pbess. In Demy Quarto. With lliagrams and Worked Problems. 
2 s. 6 d. net. 

PROPORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 

By Lieut.-Coi^, THOMAS ENfiLlSlf, Late Itoyal Kngiiieers. 


Works by WALTER R. BROWNE, M.A., M.Inst.C.E. 

THE STUDENT’S MECHANICS: 

An Introduction to the Study of Force and Motion. 

, With Diagrams. Crown 8 vo. Cloth, 4 s. Cd. 

“ Clear In style and practical in method, ‘The Stuuent’s Mechanics’ « cordially to b. 
recommended from all points of VMW.'*—AtheMAFum. 


FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer, In Crown 8 vo, is. 


Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for TTsors of Steam and Water. 

By Prof. FRANZ SCHWACKHOfER of Vienna, and 
WALTER R. BROWNE, M.A., Cji. 

Gknerai, CONT^TB.—Heat and Combustion—Fuel. Varieties of-. Firing .ArranEejientS“ 
Furnas, Chimney—The Boiler, Choice of—Varieties—Feed-water Heaters-^ 

bteam Pipes—Water: Composilion, Purification—Prevention of Scale, &c.|^&c. 

. “The Section on Heat is one of the best and most lucid ever Engineer. 


LO.NOON: CHARLES GRIFFIN & CO., LIMITED, EXETfI}, STREET, STRANO, 
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HAHLm ORlfFIN Jb Co.V R/jnLIVATxQNS. 

, CKIFFIN’8 LMAi COVEjtNMEIIT HANDBOOK)?. 

WOKIvS SUTTABLE l^R .»riivi(;iPAL?ftKD OO'^NTY ENGlNRRRf. - 
• ANALYSTS, ANJ» OTHERS 

^ alsu OavieB' Uagiene, ji. l«), anil 1 fcicl.*(»U't VaU't^taUon^, p. 110 G'^noiul 

■ Gas Manufacture (The Chemistry of)* A iiawihooVi oi Uio rro- 

fluotion, PuviHcaHim, and Tefetinu ol lllnmii'atliiK Gas, aiidiViie Asatiy of iiye-Pro- 
dncta. By W .1. BuTTKUFiian, M.A., K.I.C., F.C.S. Will.J^nstrationa. KoukTH 
Edition, llevisoil \(>\ 3., 7.s Od net Vol. II., ui pivpamGon. ,dSeoi»age77. 
Water Supply : a Practical Treatise ou the Sel^oti. > of Sources and the 
HistribuUoii of Water, fly Kkcinai.d E Middi.ETON, M.Inst <’ K., M.Inst.lileuh.K., 
F.S.I. AVith Nmuerous 1‘lales and hiagrain*. (!i'own bvo. ss. Od. uel. [See page 77. 

Central Electrical Stations: Tluor Dosi^oj, Orgauisatiim, and Manago- 
ment ByC. li. Woudinuham, A I'.E. skco.nd Edition. 24s. 11*^1. lScep.48. 

Electricity Control. \>v Lkon.ako andkiows, aX.M.IhsI.C'.E., m.I.e.E. 

12s. Od. net ' | Sec page 48. 

Electricity Meters. j>y Henbv <i. Solomon, A.M.lnst.K.K. His. 

net. ' |See iiagi* 41). 

Trades* Waste : its Treatment and Utilisation, with Special Kelerence 
to the Prevention of Itiveib' I’ollntion. Bj W. NAVl.oii, F C.S , A.M.lnst.C’.E. 
Willi Numerous Plates, l>ingtams, and IllubtralionB 2l8. net INee p.igc 76. 

Calcareous Cements: Their Nature, Tn paration, and Uses. With 

some Remarks uiion (’ciTjenfc Testing. By OlDBEKT RKDQUAVE, Assoe.Inst.O.B., 
and Ghas Si'ACKM.nn, F.O.S. \\ ith Illustrations, Analytical l>nta, and Appendices 
on Costs, Ac. ]•'>«. net. page 70. 

Road Making' and Maintenance: A I’nirticai Troatiso for I'fngineers, 

Surveyors, and others With an llislorical Sketch of Ancient and Modern PiacUco- 
By TiitUkiAS AlTKKN, Assoc.M.Inst.C.E , M. Assoc. Municipal and County Kngra.; 
M. Sail. lubt. Si.' OND Kd Tio.N, Kevised. Fully Illustrated. |Scepag©79 

Light Railways at Home and Abroad. Hy Wiliaam IIbnuy Colk, 

M.lnst.C.E., lato Ocjnity Munager, North-\\ ■ steni Railway, India, l-arge 8vo, 
ilaiidBonie (Moth, Plates and lllubtrutions. ids. [See page 30. 

Practical Sanitation : A Handbook tor Sanitary InspectorH and others 
intereatod in Siuiitation. By Oko. Reid, M. l>, O.P If., Medical OlHcer, Staffordshire 
('onntv Council. With Appendix (re-wiitten) on Sanitary Law, by iJcrboit .Manley, 
M A ,‘M B., H.r.ll., L.inistev al-UiM Thihtlkntii Edition, 'llmronghly Rovised. 
(Is. LSee page 78. 

Sanitary Engineering: A Practical Manual of Town l)raina. 2 e and 
Sewage and Refuse disposal. By FiiANCis Wood, A.M.lnst.t^E., F.G S.'» Ski’OND 
Edition, Rowed. Fully Illustrated. 8«. tal. net. [See page 7b. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, (MieinistB, 
and Analysts By IT. intoor Richmond, F.I.C., (aiemist to the Aylesbury Dairy 
Company. With Tables, Illustrations, Ac. Ilaiidsome Cloth, lUB. [Seepage i3. 

Dairy Analysis: The Laboratory Book of. By H. Ditoor IUchmom), 

F.l.C. Fully Illustrated, ('loth. 28.6tl.net. [See page 73. 

Milt: Its Production and Uses. With Chapters on Dairy Karmino, 

The Diseases of Cuttle, and on the Hygiene and Control otSiipplies. By Edwaud F. 
^WlLLoUGHBy, M.D. (Loud ), D.P.ll: (Loiid. and (Jamb.), Gs. net. {See page 73. 

Flesh Foods: With Methoda for Uicir Chemical, Microecopical, and 

Bacteriological Exaniination. A Handbook for Medical Men, Inspectors, Analysts, 
and otbere. By C. AiN8WoKTn MiTcilKLi. B.A., F.I.C., Mem. Council Soc. of Public 
Analysts. With nmpeious Illiistrations and a coloured Plato. lOa. Cd. [Sec page 74. 

dF'OOds: Thipr Camposition and Analysais. By A. Wynter Blvth, 
M.R.C.S., F.C.8., Public Analyst for the County of Devon, and M. W Blyth, 
B.A., B.SO. -With Tables, Folding Plate, and Frontispiece. Fifth EDITION, 
Thoroughly Revised . 21s. __pu^^. 
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'> ELECTRICAL ENGINEERING. 

Second Edition, Revised. In L*rge %vo. Handsome Cloth. Pro^J.^ely 
• ^ * Illustrated with PlaieSy*Diagrams, an^Figures, l^s, net. 

CEHTMl ELECTRICAL STATIOikS:. 

Their "Degfjgrn, Organisation, and Management. 

ByCHAS H. ■V\fOBl)INGIIAM, A.K.C., M.Insi-.C.E., M.Inst.Mkch.E., 

Late Memb. of Council Inst.E.E., aud Electnc.il Engineer to the City of Manchester . 
Elecdical Enguicer-in-Cluef to the Admiralty. 


ABRIDGED CONTENTS. 

Introductory.-•-Central Station Work as a Profe.ssion — Ah an Investment—'I'he Estab- 
ILshiiient of a Central Station —Systems of Supply.—bite. — Architecture —Plant.— IJoilers — 
Systems oteDranght an«l Waste Heat Vconomy—Coal Handling, Weighing, and Storing- 
The Transmission of Steam. — Generators—Condensing Appliances —Switching Gear 
Instruments, and Connections.—Distributing M;uns—Jnsulatioii, Resistance, and Cost — 
Distributing Networks —.Service Mains and Feedeis—'I'estijig M.dns. — Meters and 
Appliances.—Standardising and Testing Laboratory - .Secondary liattencs.—Street Light¬ 
ing.— Cost. — (leneral Organisation —Mains Department —Installation Department.— 
Standardising Department - -Drawing Office —-Clencal Department —The Consumer — 
Routine and Main Laying — Inukx 

“One of the most vai.hahi.r con rRiitUTloNs to Central Statum literature we have had 
for some Kuwcl'—EUiituity. 


In Laige Svo. Handsome Cloth, rrofusely Illnh.Ualed. I 2 s. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on Electric Switchgear and Systems of Electric Transmission. 

By LEONARD ANDREWS, 

Asso* iatf Mumhci of the Institi'lio-^i of t'ud Engineers, Member of the Insiiiuliou of 
Islectricai F.ngineers, ivc 

General Principles of Switchgear Dcf.ign.—Constructional Details - Circuit I’reaktr- or 
Arc Interrupting Devices.—Automatically Operated Circuit-Preakers.— Alternating Reverse 
Current Devices.—Arrangement of ’Ihi.s Bars, ami Apparatus for Parallel Running.— 
General Arrangement of Controlling Appaialus for Tligh Tension Systems.- General 
Arrangement of Controlling Apparatus for Low Tension Systems —Examples of Complete 
Installations —Long Distance Transmission Schemes. 

“ Not often tloes the specialist iiave jirt'sented to liim so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, m fact, to anyone 
interestf- 1 in the subject.”— Ptnwr. 


Eighteenth Edition. Leather, Pocket Size. 8.s. 6d. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRlClARS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON. M.Inst.C.E., F.R.S.B. 

GENERAL CONTENTS. 

Units of Mea.surement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cable.s.—Telegraphy.—Electro-Chemistry.—Electro-Metallurgy.—Batterie.s.—Dynamos and 
Motors.—Transformers.—Electric Lighting.—Miscellaneous.—Logarithnr,.—Api>en^ctt.^ 

“ WoNDERruLLV Pbrfrct. . . . Worthy of the highest commendauon we can * 

give it." ^BUcirician. • 
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^ In Larg-} ffvro. Profusely lllusfraV Ss (W. nei. 

WIRELESS TELEGRAPHY., 

, By GUSTAVe EICH1>0UL, Vh.D. 

^ * I 

Contknth.—O ncillati<ni8.—Closed OKcillati(*ti Systeirs.—Often 
Systems.—Coupled Systems.—The Coupliiij; ComiJensatii* the'Aerji* Wire.— 
Tne Kcocivor. -(’oinparative Measurement m the Sender. jP^’lieoreticai Resxilts 
and (Calculations m res)>eetof Seiuler ami lleceiver.—(U(»sely-<Cot.^led Sender 
and Receiver.—l>oose-(‘oupled Sender and l.’t‘e»‘i\i^-. - ’*nnci]ial Formuhe. 
The Ondanieter.—Workiiii' a Wireless TeU-^'raph Station. Mo<lern Apparatus 
and Methods of Workinj^'—Ctuudnslou. Bihlioj'raphy.- iNUKX. , 

“Well ttiilteii . . . snul ctmilnnos with a fjoofl flenl of fleHcripthfU a careful 
inve8ti^;!^t^<^u of the Inmlamental tho(«ctie<il pheiioinena.'’ Wanin'. 


Large 8v(), Handsome (Cloth, with 8^-1 Pages aiid .‘>07 Illustrations. 

ICs. net. 

ELECTRICITY METERS. 

By henry C. SOLOMON. A.M.Inst.K.E. 

CoNTKNi's. — Introductory.—Otmeral Principles of Continuouft - (Current 
Meters.—(J<»ntiimous-(Current (,k»na.ntit., Meters.—(Cinitiiinfuis-Energy MoUir 
Meters.—Diffenuit Types.—Special Vnrj)oses, i e., Battery Meters, Swittihboard 
Meters, TraincarM<'terH.—(xeixei*al i*rmeii>h*s of Suigle- and Polyphase Induc¬ 
tion Meters.—Single-phase induction Meters.—Polyphase Meters.— Tariff 
^sterns.—Prepayment Meters.-—Tariff' and Hour Meters.—Some Mechanical 
iMjatures in Meter Design.—'I’esting Meters.— Indkx. 

" An earnost and Haccossful aitonipl todoal con-nrchcnsively with uiodoru methods of 
measuriUK current or power iii oleeirical installiitionH.*’—A'/zj^incerint/. • 

“ TniHtworthy informatuiu. . . . Wo can o<itifid''ntly n’commend the hook to ovory 
eleotric-il engineer.*’— 


Second Edition, Cloth, 8s, 6d. Leather, for the Pocket, 8s. 6d. 

0B.IFFrN»S ELECTBIOAL PBIGE-BOOK: For Electrical, Civil. 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

“ The E1.8CTRICAI. Pricb-Book rhmovbs aul mystbrv about the cost of Electrical 
Power. By its aid the BxrBNss that will be entailed by utilising electricity on a large or 
smadl scale can be discovered.”— Architect. 


EL’eCTRIC smelting and refining. By Dr. W. Borcheus 

and W. a , MoMili.an. S^:ci)ND Kuittos, Reviaed and Enlarged. 
• 21b. not. [See page 67. 

ELECTRO - METALLURGY, A ITreatise on. By Walter G. 
McMillan, P.I.C., F.C.S. JSeoonI) Edition, Keviaed and in 
l>art Re-Writton. 10a. 6d. [See page 67. 

\lECTRICaL practice in collieries. By D. Burns, M.E., 

M.lnst.JiUK. Seoono Edition, Kevdsed and greatly Enlarged. 
78. 6d. not. ,__ [See page 56. 
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By PBOFESSOSS J. H. POINTING & J. J. THOMSON. 

In Five Volumes. Lar^e 8vo. Sold Separately. 

A TEXT-BQOK QF PHYSICS. 

J. H. ^OYtTING, J. J. THOMSON, 

8 C.D., .1 AKD r.ft.8.« 

Lftto Fellow of TrinltjrlAfcleRe, Civmhrldtre; Fellow of Trluity CoUogo, Cambridge; Prof. 

Profesaor jf PliyBiCB, Btnuiugbam of Bxi^eilnumtal Phyiucein tbe Uolvenlty 

Univurmty. of Cambrldi^. 

iNTRODtrcTOKY VOLUME. Koukth Eoition, Revised. Fully Illustrated, 

1 ()«. ()d. 

PROPEIRTIESS OF 

OoKTRNTB. — Qravilntion —Tlin Aopeloralion of Gravity. — ICIaRticity,—StrohBPs and 
SiramR.—TorBion —Bcndinp ol ll<>ds —Spiral SpringB —Collision.—Compi’OBBibJlity of 
Liqnlde—ProRBures ond Volumes of (.lases.—Thermal Kflects Acoonipunynig Strain,— 
t'anlllarity,—Surlace ’reiiHion,—Laplafe’H Theory of t’apillanty—iJiffusion of Liqaide — 
Dlnnsion of On sob - Vi8co«iiy of Liquids.—1 ki>kx. 

“ St.udentfc «>f jilivsks cannot f.iil to demo houcfit from tlio book."—jK’ijoii’kdofi. 

“We regard this book ab quite iiiiUspensahle not merely to teachers Imt to physicistb of every 
nulc above the lowest."—Cm Con (spoudenl. 


Volume II. Pourtii Koition. Fully Illustrated. Price 8s. 6d 

S O XJ D. 

ConTBHTB.—Tho Nature of Sound and its chief Charaeieristics.—The /olociiy of Sound 
In Air and oihor Media,—Kefli cnou and Uih-action of Sound—Krequonoy and Pitoh of 
Notes.—Iteeonance and Forced OaeilliUionp >- AnalyRis of YihtattonB.—Too 'rranBverse 
VtbrstlonBOf Stretched Strings or y;lros - Pipes and other Air Cavities.—Kods—Plate* 
—MembvaueB.—Vibration* maintaoBod by Hoal.—Sensitive Flames ond .Jets.—Musical 
Sand.—The Superposition of Wavea.—I nto x. 

“ITiework , , . may be recommended to anyone desirous of posBessing an icabi 
DP-TO-DATK 8tani>aiu> 'rRKATisE Oil Acousttos "^Itttralurt. 

“Very clearly wriitcu . . The names of the authors are a guarantee of the 
BcasKTiFio ACCURACY and up-TO UATK CHAKAOTKR ot the yroY^i."’-Kduealionat Times. 


Volume III. Second Kdition, Revised. Fully Illustrated. Price 15s. 

h: £ A 'T. 

Contents.—T emiiemturo.—Expmision of Solids — Liquids.—Gasw. — (hunlaUou 
and Convection.—Quantity of Ueat; Sjiecific Hoat.—Conductivity.—Form* of Energy; 
Conservation; Mechanical Etpiivalent of Heat.—The Kinetic Theory -'-Cliaiige State; 
Liquid Vapour.-- Critical Points—Sohds and Liquids. — Atiuosplicric CoMditioii.s.— 
Kadlatioii—Tlieory of Exchanges.—Kadlution and 'I’enipcrature.—'Jlicniiodynaiiiics.— 
iBothcniml and Adiuhatic Changes.- Thermodynamics of Ciiangcs <if Stale, aiul .Solu¬ 
tions. —Thermodynamics of Radiation.—I ntikx 

Well np-to-dato, and extremely clear and exact throughout. ... A* rlesm as 
it would lie pohblblc to make such a text-hook.’'~W«tii>'e. 

l^vcmaining Volumes Preparation— 

LIGHT; MAGNETISM AND ELECTBICITT. 


THE MEAN DENSITY OF THE EARTH : An Essay to which the 

Adams Prize was adjudged in 189;{ in the Ihiiverslty of Pamhridge Ey .f. II 
POYNTING, Sc.l)., F.ll.S., Late Fellow’ of Trinity College, Cambridge; Professor qt 
Physics, Birmingham TTniversity. In Largo Svo, with BibIJogi'apI,y, Illustrations in 
the Text, and Seven Lithogj-aphed Plates. 12s. 6(1. < 

“C'annotfall to he of (ijcKAT and oenekaj. interest.’ -ylfAci/iw/w. 
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H Demy 8vo, San^mme cloth, 348. 

Strati^apWcar Geology & Fateontology 

■ c,. OJ^ VBE BASIS OF PHILLIPS. 

By ROB^ERT'ETHEklDGE, F. R. S., 

OK VHB TO TH. 

^ GEOLOGICAL SOCIETY, ETC. 

tmttbtjflBap* llumetoua Oablee, an& Cbtrtsssii platea. 

logical knowledge has ever been brought together before.' — 

m " remarkable for its originality and the breadth of its views, 

Mr. Ethkridgr fully justifies the assertion made in his preface that his book differs in con- 
III from any known manual. . . . Must take high rank among works 


struction and detail from any known manual 
OF RKFKRKNC<fc’*--,,4/Ar«tf’«« 


A.113S IN 

PRACTICAL GEOLOGY: 

WITH A SKCriON OH PALMONTOLOGY. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Fifth Edition, Thoroughly Revised. With Frontispiece and 
Illustrations, Cloth. los. 6d. 
aENEBAL OONTENTa— 

PART I.— Sampling or thb Earth's Crust. 

PABT II.— Examination of Minerals. 

PART III. —Examination op Rocks. 

PART IV. —Examin,AT)On of Fossils. 

‘'Ueskrvng of THBHJGHasT PRAISE, Here indeed are ‘Aids’ innumkrable and 

INVALUAPLE. All the directions are given with the utmost clearaess and precision.”_ 

Athenaeum. 

“That the work deserves its title, that it is full of 'Aids,* and in the highest degree 
* PRACTICAL,' will be the verdict of alt who use it.”— Nature. 


OPEN-AIR STORIES IN GEOEOGY: 

An Introduction to Geology Out-of-doors. 

By''PKOFESSOK I,;RKNV1L1,I'. COT.E, M.R.I.A., F.G.S. 

For details, s.ec Griffin's Introifuctory Science Sfiics, p. K 5 


Crown ^vo. Handsome Clothe 2 s. 6d. 

RESEARCHES ON THE PAST AND PRESENT HISTORY 

OF • 

THE EARTH^S ATMOSPHEREe 

Including the latest Discoveries and their Practical Applications. 

By DR. THOMAS LAMB PHIPSON. 

Part I. — Tlic Earth’s Atmosphere in Remote Oeologioal Perioefs. 

Part II.—The Atmosphere of our present period. Appendic* s ? Index. 

1*he book should prove of interest to general readers, as well as to metcort>loFists and 
idler students of science.”— Naturt. • 
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GBIFriK’S *‘NE\rLA Nr>” SERIES. •* 

I^^ctical /laiid-Jloo^s for tJtA Us% 0 / J* 'ospectorsj JSxp^jrysrs^ 
ISeltlersy ColonistSy and all hdmesGid in Oji^tuna 
up and Develixpmp.r^t of A'^eiv Zandn. 

Kwted IIY (UtlCNVlLLE A. J. COEE, M.R.t.A.,/.< *S., 
PrcjicBso** of Geology in the Royal Ooili-gc of Science fgv Irulutu, anS Emuo ner In 
the ('inviOBity of London. 


Jn Crown 8wo. Handsome (ficMi. ',s. 

WUk Numerous Maps iSpeeialhf Drawn and Executed for thin Wotk. 

HBVi LANDS: 

THEIB EESOURCES AISTD PROSPECTIVE 
ADVANTAGES. 

By HUGH ROBERT MILL, J).Sc., LL.H., E.R.S.E., 

“ \ want admirably supplied. . . Uas tin* advantage of hoing written by a pro- 
fesBcd (560grapliet.”--ff<'»gra/)Aica/ Journal 


With many Engraviu^s and i^hotograpliH. llandnome Cloth, 4s.. Gd. 

I^OOD 

By ROBERT BRTTOE, 

Agririiltural Superlutcinlent to the Royal Ibiblin Society. 

With Appendix on Preserved Foods by C. A. Mitchell, B.A., F.I.O. 

“ The work is one which will appeal to those intending to become farmers at home 
or ill the Colonics, and who desire to oldain a general idea of the true principles ol 
farming in all its RHANOhes.” -JvunuU of the ifot/ot CoUyniat Jnst. 


FiHJUTii Edition, ReoUed. With lUustratiouH. Handsome Clothe Sa. 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, ^and all 
interested in the Opening up and Development of New Lands. 

By fS. HERBERT COX, Assoc.R.S.M., M.Iiist.M.M., F.C.S., 

Professor of Mining at the Royal School of Mines. 

General Contknts. —lutrodiKjtion and Hints <iu Geology — The Deternuna* 
tiftt of Mhierala: V so of the Blow-pipe, &c. —Rock-forming Minerals and Non* 
Metallic Minerals of Commercial Value: Rock Salt, Borax, Marbles, Litho* 
graphic Stone, Quartz and Opal, . &c.—Precious Stones and Geras—Stratified 
lJhlK)BitR: Coal and Ores—Mineral Veins and Lodes—Irregular Deixisita— 
X)^amics of Lodes: Faults, &c.—Alluvial Deposits—Noble Metals: Gold, 
Platinum, Silver, &c.—Lead—Mercury- Copper—Tin—Zinc—Iron—Nickel, 
&c.—Sulphur, Antimony, Arsenic, &c —Combustible Minertds—Petroleum— 
GenerM Hints on Piospecting—(il(»8sary—Index. 

* “ This. APlC.utA6LK ’uTTLH WORK . . . written with SCIENTIFIC ACCURACY In a 

CfLBAK and Luoip style. ... An important adpition to technical literature . . . 
—Minify JoumttU. 
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SIR CLEltfENT LG NEV,E FOSTER* D.Se., F.R.S^ 

, ^ - _ , 

Slx]'H Edition. With Frontispiece and 716 Illustrations. Price 34 s. 

ORE & STONE MININO 

ijv ?;iR J. LE NEVE FOSTER, D.Sc., F.R.S., 

LATH ||Poi»RS«:OK OK MINING. ROYAL COLLEGE OK SCIENCE. 

I *1^F.VI.SEJ), AND llkOUGirr lU’-lO-DATF. 

By BKNNETTcH. BROUGH, KG.S., Assoc.R.S.M. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Oecurrence of Minerals.—PpospectInR,—Boring 
—Breaking Ground.- Supporting Excavations.- Exploitation.- Haulage o 
Transport.*-Holsting or winding. - Drainage. - Ventilation.—Lighting.— 
Descent and Ascent.—Dressing—Principles ot^mployment of Mining Labour. 
— Legislation affecting Mines and Quarries. — Condition of the Miner.— 
Accidents. —Index. 

“ \\ e have selilorn liiul tlic jtle.isure <» review a work .so tlioroiiah and complete as 
the present one lioth In niannor and in matter it is FAK sui’KHIok to AUXTUINQ on 
IT.S SKFOIAL SiijjJEOT UITJIKiri’o I'UnLlMIED IN ENGLtNO.’- AfhriltVma. 

“ JSot onl> JH Ihi.s work tlie aoknowledyed tc\td>ook on metal mniing in (Ireat ItriUin 
and tlie Colonies, Imt that it is so j e^s'erded ni the rnited States ».*f America is evidenced 
by the tact that it la the l»ook on that sidijeot ri'eommendod to the students in ino.st of 
the mniili;^' sehools ol lliat eoiuitry." The Tiim-s 


In Crown 8vo. Handsome Cloth With nearly IMMi llluHtrations, many of 
tiieui lioin^full paj<erepr<Kluctiousof views of j^reat. interest. Price 7s. (id. net. 

THE ELEMEHTS OF MINING AND QUARRYING. 

An Introductory Tex^-Book for Mining Students. 

J3v Hir C. LR NEVK FOKTKR, D.Sc.. F.RS., 

Pi’ofcssol of Miniii!? at the Royni Colle/e of Science, Loiuhm, with wdiich is Incorporated 
the Koyal School of Mines; late.ly one of II.M. luHpectoi's of 'Mines. 

Gknkhal Contents. ~ IxTiuim^rriON, — Occurrence of Minerals.- iVo- 
spectiui^.— lloriiij?.—lireakiii;^' Ground.— Supporting ICxea' ntions.— Bx"j)l«)ita- 
tion —Tisiulaic** ur Transport —Hoisting or Wjiidin^.— Drainaj^e.—Ventilation. 
—Li^litin;;. — Oe.sceut and Ase«‘nt --J >re,sf;iijo, Jtc.—T npfa. 

“ A rcmaikalily < lear survey of the wliole held of miiiinu operations.” ?lngineer. 

“ Ilarelyw’ocs it fall to the lot of a rovKwvei to have to accord sucli uiniualitled praise as 
this l)ook dcscrve.s. . . . T'lie piofes.sion «etierall> liave every reason to he ffratefnf to 

Sir <J. Le Neic Kostcr for having' uuricii<Ml edniational litereturo w itli ho admii’aliic an 
elementary Text-hook.”- Jimnial 


In Large Crown 8vo. Fully Illuslraled. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Several Authors of the Nnfiire, Signifioance, and Practical 
Methods of Measurement of the Impurities met with in the 
Air of Collieries and Metalliferous Mines. 

EDITED liY 

Sir clement LIO NEVE FOSTER, D.Sc., F.R.S.. 

And J. S. HALDANE, M.D., F.R.S. 

Wc know' of Dothini; e.ssential that has been omitted. The book liberally supplied 
with'illustrations of apparatits .”—Cclliery Guardian, « 
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WORKS ON COAL-IVIl NtiMq. 

Fli-'fti Edition, Revised 4fcnd Greatl>* Ei^arged. With 4 Flatea ^nd 
* • 670 Illustrations. P<"ice 248. iiet. ^ * 

A TEXT-BOOK OF. COAL-I^INIKG : 

• * FOR THE USE OF COLLIERY MANAGERS AN/l OTHERS' 
ENGAGED IN COAL-MINING. 1 ' 

By HERBERT WILLIAM HUGHES, i'.G.S., 

Ab8oc. Royal St'hool ot Mhien, 4>eufi'al MiLiia>;fr orSandW'^ll 1’ >ik Collu'i v. 

General I^ontenth.—(G eology. —Search for Coal.—Breaking Ground.— 
Sinking. — Preliminary Operations. Methods of Working i-Haulage.— 
Winding. —Pumping.—Ventilntion. — Lighting.—Works at Surface.—Pre¬ 
paration of (.’oal for Market —Index. « 

“Quite TiiK UK.sT iicKfK ol ith Uitiil . . . as riiACTicM. Ill :nm .in .1 l>in»k <• 111 In* . . . The 
IUu 9 ti-atlon» ai-f j:acj 5 LI.bnt.‘’— AUiemi-um. 

“ Wc cordially rccommfnd tin* work .”—h (iiuniiiaii. 

“Will fMiii c(mi<‘t<ilHT»‘ir.irili*das the stanbarb wokkuI its kind " liiriiixmihHui hmtyOazfttt:. 


Fouktu Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Largo Crown 8 vo. Handsome Cloth. 128. 6 d 

PRACTICAL COAL-MINING! 

A MANUAL FOR MANAGERS. UNDER-MANAGERS, 
COLLIERY ENGINEERS. AND OTHERS. 

With Worhed'Out Problenis on Uaulagey Pumping^ Ventilhtimi, cfec. 

Bt GEORGE L. KERR, M.E., M.Tnst.M.E. 

Contents. —The Sources and Nature of Coal —Tlic Search for Coal.— 
Sinking.—Explosives Mechanical Wedges.—Rock Drills and Coal-cntting 
Machines.—Coal-cutting by Machinery.—Transmission of Power.—Modes of 
Working.—Timbering Roadways.—Winding (’oal. -Haulage—Pumping.— 
Ventilation.--Safety Lamps.—Surface Arrangements, 8 iirvo 3 nrig, Levelling, 
Ac. 

“An RsaEKTiAttY PRACTIUAI. WORK, a«d can b<* ninfidnutly recommended. No dcpiirtmeut 
of Coal'MiniiiR has been overlooked.”— Enyinfcrs' ^ 


In Crown 8vo. Haudsomc Cloth. With 200 Illustrations. 3s, 6d. 

.ELEMENTARY COAL-MINING! 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
• PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Tnst.M.E. 

Contents. —Sources and Nature of (-oal.—Exploration and Boring for 
Goaf.—Breaking Ground.—Explosives, Blasting, &c.—Sinking anil Fitting 
of Shafts.—Modes of Working.—Timbering Roadways.—Winding and 
Drawing.—Haulage.—Pumping and Drainage.—Ventilation.--Cleaning and 
Sorting Coal.—Surveying, &c. 

“Au abundAiire o'" iiilormntioii conveyed in a pojiulnr and attractive form. . . . Will be 
of srroat iwe W all who^r-' m any way iiitei’csteil la coal mining.’’—Ncuefisfc OrUic. 

LONDON: CHARL66 GRiIfIN & CO.. LIMITED. EXETER STREET. STRANff 
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56 OB^RmS ORIFFIN OO.^S PUBLICATIONS, . 

Twelfth Edition, Revised. With Numerous Diagrams. 

*> Cloth, 7s. 6d. t , 

Ar TREATISE oKl MINE-SURVEYING:. 

For the ute of managers of Mines and Collieries, Students 
• at the'Soyal Schodf.' of Mines, do. r,, 

Bv'BErNNjsTT H. BROUGH, F.G.S., AsSOC.R.S.M., ‘ 

Fori)^^rly la&tructor of Mine-Surveying, Royal School of Mines. 

CONTE?*ns. •” (general Explanations. — Measurement of Distances.—Miners 
Dial.—Variation of the tagnetie Needle.—Surveying with the Magnetic Needle 
in the 1‘resenccof Iron.—Surveying with the FiX(*cI Needle.—The (M‘iman Dial.— 

, The Theodohte • Tiaversing Underground.—Surface Surveys with ilte Theodo¬ 
lite.—Plotting the Survey.— t alculation of Areas.—Levellmg.—(.'onnection of the 
Underground and Surface Surveys. —Measui ing Distances by Telescope,—Setting- 
ont.— Min(*-Suiveying ITobleins. — Mine Plans.—Apjtlkation of tlu* Magnetic 
Needle in Mining.--1‘holographic Survey.s.—A itkndicks.—Index. 

••Its Cl.l.ARNBSSnf STYI.l', LUCIUI lY of DI'SCRIPnoN. and PULNl-SS OfUETAlL liav«. long aj'O won 
ior It .1 ])l:icc iimiiue m the literature of this branch of iniiuii^ < n^mcorini;, and the yiresent edition fully 
maimams the hi>;h standard of itsiirt-deccssors. To the sludetit, and to the iitiiiiiii.T cti>;inctfi alike, MS 
VALUE IS inesLiinablc. The illustrations arc excellent ” —The Alint’t-; JoumAl. 


Crown 8 vo. Hatidf^omo Cloth. Illustrated. Gs. 

MINING GEOLOGY. 

A TEXT-BOOK FOR MINING STUDENTS AND MINERS. 

By*PROF. JAMES PARK, K.G.S., M.liiht.M.M., 

fcsBoi of Mining and the Dtajro Piiiversity School of Miner ; late Director 

'ihames Sclux*! of MiiicB, nnrl Geological .SuiTeyor and .Mining Geologist to the 
Governinont or New Ze.alBml 

Genkkal Contents.--I ntroduction.—Classification of Mineral Deposits.—Ore Veins, 
their Filling, Age, and Stnicture.—Tfie Dynamics of Lotles and beds. -Ore Deposits 
Genetically Considered—Ores and Minerals Considered Economically.—Mine Sampling 
and Ore Valuation.—The £.xamiiiation and Valuation of Mines.—INDEX. 

“ A work which should And a place in the lilirary of every mining engineer.”— 
Forftl. 


Second Edition. In Crotwt 8 vo. Handsome Cloth, With 30 New 
Illustrations. Is. 6c2 net, 

ELECTRICAL PRACTICE IN COLLIERIES.- 

By D. BUBNS, M.E., M.Inst.M.E., 

Certificated Colliery Marnier, and Lecturer on Mining and Goology to the Glasgow and West of 
Scotland Tcchlfical College. 

« 

Units of Me^urement, Conductors, &c.—The Theory of the Djruaino.--The 
Dynamo, Details of Construction and Working.—Motors.—Lighting Installa¬ 
tions in Collieries. — Pumping hy Electricity. — Electrical Haul^e. — Coal 
Cutting. — Miscellaneous Applications of Electricity 4n Mines —Uial Mines 
Regulation Act (Electricity).— Index. • , € ' 

clear and concise Intniductlon to electrical practice in collieries .”—Mining 
Journal. • 

LONDON: CHARLES GRIFFIN « GO., LIMITED.lxETER eiREET, STRAND. 
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WORKS FOR MINERS AND STUDENTS. 

# - ■, • 

In Crown S’io. H.indsorift; Cloth. .Ss. Gd. net. 

MININC LAW OF THE BRITiSH Pj^PIRE. 

Bt CIIAIILKS J. AT.VoR*), M.lcst.M.M. ^ 

Contents. —The Triiicij)lea of ISImin;; Law.- The mAIuk iSatv of (ireat 
Jiritain. Bntish India. —(’ovJon.— Hunna.—The Malay JVninsuIa -British 
North Borneo.— E>ryi)t. — Cyiniis. 'I'he Bon .Jiioii of Canada.— British 
Gniana -The (iold (.‘oast (.’olony and Asliaiiti.—(Jane of (rood IIopc.— 
Natal-— Orange lUver Colony. — Transvaal ('ol^ny. — Bhodesia. — The 
Comnioiiwcaltli of Australia.—New /oaland, &c.—I ndex. 

‘ ShoiiM he specially HHcful to .ill tlinso rnj;aupil in the liirccUon mining enter-* 
prises”- FmnnrKtl'I nnen. 

“ ('jinnot f.ail to be uac^ul . . . \vr eoulijilly icconimoiul the book.”—IKwW 


y» Large 8vo, Foujith Edition, Price. lO.-f. 6rf. 

Mine Accounts and Mining Book-Keeping. 

F p Students, Managrers, Seeretaries, and others. 

With Examples taken from Actual Practice of Leading Companies, 
Bv JAMES GUNSON LAWN, A.B.S.M., A.M.Inst.C.E., F.G.S., 
Head of the Mining Department, ('aniborno ScIkkiI of Mines. 

Edited by Sir C. LE NEVE FOSTER, D.Sc., F.R.S. 

• 

(.‘ONTENTS.—Introduction.—P aBT I. En<;A(!ICMENT and IbvYMKNT OP WonK* 
MENEngagement of Workmen and l^eriod between Pay Days. — Data 
determining (Jross Amount due to Mon.- lieductiuns. P:vy Sheets, Duo Bills. 
—Pay Tickets. I*akt TI. Pubchases and Sales.—P urelnrHo an<l Distribution 
of Stores. —Sales of Product. Part 111. Wokkinu SriiMAKiKS and Analy8E.s. 
—►Summ.aries of Minerals Raised, Dressed, and Sold, ami of Jjabour.—Analyses 
of (/osts.—Accounts forwarded to Head Oftice. P.MiT TV. TjEDUeb, P»alanok- 
Shket, and Company Books.—H ead Office Books.—Redemption of (Japitsd. 
—(iicncral Considerations and Companies Books. * Pakt V. Reports and 
Statistics.—R epints of Workings and Maclnnery of Mining Companies.— 
■Mimug Statistics.—BiuiAoiutAPHY.—I ndex. ^ 

aeetaa mrobsiucK to suggont how Mr Dawn'h book could bo made more cohpi.rts or 
more valuable, careful, and exhuustWe ”— AccounlanLs' Uagatxne. 


Second Edition. In Pocket Size, Strongly Bound in Tjcather, Sa* 6d. 
ITovided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS’ REPORT BOOK 

AND DIRECTORS’ AND SHAREHOLDERS' GUIDE TO MININC REPORTS. 

By JiDWIN K. FIELD, M.Inst.M.M. 

With Notes on the Valuation of Property, and Tabulating Reports, 
Us-’ful Tables, and Examples of Calculations, do. 

“An AUMIRABLY compiled book which AllnliiY Buglneors and Managers will find 
axTRKMKLY vsBFvUt'—Mining Journal. 

LONDON: CHARLfS Gr[fF1N & CO., LIMITED, EXETEB STREET, STRAND. . 
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O^ARfuES QRIFEIN <t GO.’S POBLICATIONS. 

'WOIUES 017 SII7ETITa, EXPLOSIVES, See- 

- r - .- i 

iln Medium 8ro, llaudsonv^ Cloth. With^8 Figures in the TeJct. 
r and ID Folding Flates. lOs. Od. net. 

SriAFT-S'INKING 

F F I c U nr CASFS. 

Bv J. RIEMER, 

« 

Translated from the CEiiMAN 

J. W. BROUGH, A.M.1N.ST.G.E. 

CONTFiCTS.—Sluift Sinking by Hand.—Shaft Sinking by Boring.—The 
Freezing Method.—The Sinking Drum Ppoce.ss.—BiiiLioiiiiArHY.—I ndex- 


Second Edition, Uevdsod. In Large 8vo, with Numerous Illustrations 
and Folding Plates. 10a. Od- 

BLASTING: 

AND THE USE OF EXPLOSIVES. 

By OSCAR GUTTMANN, M.Inht.O.E., F.C.S. 

Contents. —Historical Sketch. — Blaating Materials. — (Qualities and 
Handling of Explosives. -Tlie Choice ol Blasting Materials.—Preparation 
of Blasts.—Chamber Mines.—Cmarging of iioreholos.—Determination of 
Charge.—Blasting in Borehcles.—Firing.—Results of Working.—Various 
BlMting Operations.— Index. 

** Should prove a vade-tme-nm to Mining Engineers and all engaged in practical work." 
~-^Iron and Coal Trades Rerirw. 

In Medium 8vo, Cloth. With many Illustrations in the Text. 
»Four Full Pago Plates and Four Folding Tables. 6s. net. 

KEW METHODS OP 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Translated from the German and Kdited 
By axel LARS^EN, M.Inst.C.E. 

Contents. — lutioduotory. — Historical. — Testing Stations. — foever 
Gauges. — Prwlucts of Combustion. — Rate of Detonation. — Length and, 
Duration of Flame.—After-Flame Ratio.—Transmission of Kxplosion.— 
Conclusions. —Bf&ciency. 

“Its pages bristle with suggestions and actual experimental resutts to an extent 
seldom [omtd in a volume of live limes its size."—Arms and lixplwitztt, 

"LONDON: CHARLES GRIFFIN & CO.. IIMITED. EXETER arREET7STRANtt 



MIJilNG AND M/JTJtDJkUJtGr.\ • Sf 

•Second Edition, Revised Throtigxout. In Mtd<.um%vo, With 
Numerous R^tes, Maps, ajul Itlustra^i.t%s. 21'!. net. 

CYANIDINC GOLD & -SILVEft ORES. 

^ Practical Treatise on the Cyanide Process; tis Appiicuttion 
• Methods of Working, Desigpi and* Construction of * 
Plant, and Costs. i , • 

By H. FORBES JULIaA ‘ 

MiuiuR aiul Metallurgical Euglnctir; Specialist In OnM ; l.atc Tochui^ Adviser of the 
Dciitsclio Qokl und Silbor Scheldt* AiiHtalt, Frankfort^n-Malne. * 

And EDGAR SMART, A.Mfl.C.E., 

Civil aud MetallurKitud KiiKint-rr 

“ A handsome volume of 400 pa«:cs which will he a valuable book of i-i^fcmice for al 
associated with the process.”— •/ovruai. 

“The authors are to be coiiKiutuJated upon the jiroduction of what should nrove to b 
a standard work.”— Matjazme. • 


In Large Crown 8w. With 13 Plates and many Illustrations in the Text, 
Handsome Cloth, 7a. 6rf. net. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgists and Students at 
Schools of Mines, do. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of MiuiiiK and DiiTictor of the Otago • niversity School of Mines; late Director 
Thames School of Miucs, and Geological Surveyor and Mining Geoloj^t 
to the Government of New Zealand. 

Fourth English Edition. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siomena-Halske and other 
recent processes. 

“ Jteserves to be ranked as amongst the bkst of bxistino treatises.”—A/ wiintf Journal, 
TniKi» Edition, Revised. With Plates and Illustrations. Clothe 3s, fid, 

GETTING GOLDS 

A OOLD-MININO HANDBOOK FOR PRACTICAL MEN. 

By J. 0. F. JOHNSON, F.G.S., A.l.M.E., 

Life Member Australasian Mine-Managers’ Association. 
iiKNBRAb CoNTENl’a.— Introdtictory : Prospecting (Alluvial and Ge'feeral)— 
Lode or Reef Prospecting—Genesiology of Gold—Auriferous Lodes—Drifte— 
Gold Extraction—Lixiviation—CMcination—Motor Power and its Transmiwion 
—Company Formation — Mining Appliances and Methods — Australasian 
Mining Regulations. 

“Praotioal from beginning to end . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold.”— Brit. Australasian. 


In Crown 8};o. Illustrated. Fancy Cloth Boards. 4a. 6(2. 

CaiD SEEKIMG IH SOUTH AFRICA: 

A Handbook of Hints for Intendingr Explorers, Prospectors, 
and Settlers. 

* Ry THBO KASSNER, 

Hlno Manager, Author of the Oooiogical Sketch Ma] of the De Kasp Gold Fields. 

With a Chapter on the Agricultural Prospects of South Africa. 

As fascinating as anytlsiQg ever penned by Jules Verpe.”—A/rtcan Oommtrce. 

• LONDON: CHARCes CWFFIN & CO.. LIMITED, EXETER STREET. STRANP • 
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CMAHijSS ORIPFIN <fe CO.'S PUBLICATIONS. ' 

Large 8vo. Handsomc‘*Clotli. With Illustrations. 

* * 12s. 6d. net. ’ * 

METALLUeGIGAL ANALYSIS & ASSAYING: 

> A THAEE YEARS’ COURSE ' , 

POR STU>,>ENTS OF SCHOOLS OF MINES. 

By W. MACLEOD, B.A., B.Sci., A.O.S.M. (N.Z.), 

Formerly Asf wt Tli mu's iS<-lu>ol o| Mine-'' N ’/,). ami Loctnrci in Chemistry, Unlversit: 

ofTa-stiiaiiiii; Directut ol Qim-ciisI.ukI (Jmernmi-iil. S< IuhiI of Mines. Oli.ivLers Towers ; 

Amj CHAS. WALKKK, F.C.S., 

Formerly Assist -l>euioii‘-tialur in (’lieniist i>, SmIih-j Unii eiMty . Leotufor in Cliemistrj 
' ' ami MetiiliiiiK\, Chdilei , 'I'ouei:' School ol Mines 

Pakt Ij—Qualitative Analysis and Pieparatiou and Projierties of Gases. 
Part II.—Qualitative and Quantitative Analysis. 1*art 111.—Assaying, 
Technical Analysis ((^as, Wal-er, Kuols, Oils, &o.). 

“The publication of this voliiine tench ti provi' that the teucliiii},' of uiftallurptioal 
analysis and assaying in Australia rests in eonipetfiit hands ”— ^kitture. 


In Crown 8vo, !{cautifully Illustrated with nearly KKl 
Microphotographs of IStccl, &c. 7 h. (id. net. 

MICROSCOPIC ANALYSIS OF METALS. 

By PLOUIS OI^MOND & .T. B. STBA1>, F.ll.S., F.I.C. 

Contents. —Metallography considered as a method of Assay. — Micro¬ 
graphic Analysis of Carlion Steels.—Preparation ot Specimens.—Poliohing. 
—efonstituents of Steel; rcrrito;,^Jementite; Pearlite; Sorbite; Martensite: 
Hardeuite; Troostite; AiisteuiW.—Identification of Conatitncrits.- Detailed 
Fxau^iuation of Carbon Steels.—Conclusions, Theoretical and Piactical — 
Apparatus employed.— Appen i>i x. 

“There has been no work iirevionsli pnhlibhpd in English calculated to be so useful to 
the student in metallographic research.’’ - Iron and Steel Tiadc^’ Jintrnal. 


Third Edition. With Folding Plates and Many IllustrationB. JlOs. 

OF 

METAI-iILiUROY. 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 
FROM THEIR ORES. 

By J. ARTHUR PHILLIPS, M.Inst.O.E., P.C.S., F.G.S.,. to. 
And H. BAUERMAN, V.P.G.S. 

General Contents. — Refractory Materials. — Fire-Clays. — Fuels, Ac.— 
AlniniTim iin. — Cojiper.—Tin. — Antimony. — Arsenic. — Zinc. — Mereui^— 
Bismuth. —Lead.—Iron.—Cobalt. —NickeL—Silver.—Gold.— Platinum. 

** Of the Third Edition, we are BtUl able to say that, as a Text-book of 
Metfdlurgy, it is the best with which we are acquainted.'*— Enginter. 

** A work which is equally valuable to the Student as a Text-book, and to t^e 
practical Smelter as a Standard Work of Reference. . . . lUustrations 
are admirable examples of Wood Engraving.”— Chemical News. 

. LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER ^REET, STRANtt. 



METALLURQIVAJ/^:V(IRK8, 6l 

---•---■- 

{Second Edition, ReMned, Enlarged, <Mtl }ie-xet TUrouj1tX>ut on Larger P^ge. 

With Voluahle 3ibn<^rapfn/, New Map^, a: ons,^c. 45«. net. 

• xvf or^o i»o u jvt e: B. 

, A TREATt sc ON 

i=:ETE,pni.;EJT:rn^ 

13f SlU liOVKltT«N REDWOOD, 

D.Sc., F.ll.S K , Asmk’ iNKi C.E , F I 0. 1 , 

CoNTKNTS —ftKmoN T.; Historical Account.of Uio Pctrolouui -SKi ion II.: 

(loolofrical ami Gcot'iai»hical IMstnluition of rctrolemn uml NataiJcs^aa.— Section Ill.: 
The Clieiniciil and Physical ProiM'iticK of IN lroli-nm ami Natural (las. HiinTiON IV.: 
The Oripin t)t Petroleum ami N.ituial (las -Skcthin V.: 'I’lic ri'..iuction of Petroleum, 
^latural Gas, anil O/okeiite.- Skction VI.. 'J'lie Hellnlnfr of*P<*tioleum - Skction VII.: 
Tlic Shale Chi uml Alhed liulnstiies Section VIJI : The Transpoi-t, StoraRo, ami Dis* 
tributiou of Petroleum.—S ki tion l.K.; The Testing of Crude PetioleuuuPetroleum aml« 
Bliale Oil PiHwlucts, O/oUcrlte. and AhphuU —SK^•TIo^ \. : The Pscs of Petioleum and 
Its Products. -Section .\T. . Statutoiy, Muiueijial, aud ot.licv Pejmlatious rclatinR to 
the 'resting, SWraRe, Tran.siHul, and Use of J'etrolciim and its Pnxluets.—/n»i’KNl»lCES. 
—BlHLlOtlKAJUlV.—iNIU-.K 

“It is uidisimtalily 1 Ih‘ most eomi>rehensive and coniideto treatise ou jn-troleum, .ami this 
statcincDt is true, no niatt(‘i on what lirniirli of the indiistr) a test ol its inciils is made It Is 
the only book in ^•xlflU‘m•^• wlneli nive" I he ml man a rleat and lelmhlt; outline ol tin* icrowth ami 
present-day comliimii ot the entiu* luaroleum world . . Theie is a wonderfully roiniilete 

cullectlon of i»lah‘s and illustrations I’tlroh itni ll'iirhl 


{Second Edition, Rtrim'd. With lUitUratioms. Price ^s. %d, net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those en^aRed in the Storage, Transport, Distribution, and Industrial 
Use of Petroleum and its Products, and of Calcium Carbide. With 
suggestions on the Construction and Use of Mineral Oil Lamps. 


By CAPTAIN J. H. THOMSON,, 

n.M. Chief Iiis|MH-toi of PxplobiveB, 

And sir BOVERTON REDWOOD, 

Authoi ot “A Tieatise on Petroleum ” 

“A voliuno tliat will enrich the wiuid’s )>c‘tro)niiti literature, and render a serviee to th© 
Brltfah branch of the luduslry . Keliahle, iiiilis|>enH.i.hle, a brilliant coiitiibi^ion."— 
Petrolrnni. 


In Crown 8vo. Fully Illustrated. 2s. (5d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

By j. a. hicks. 

Chemist to Sir liovcilioii Keilwood 

,*8bould be on the shelves ol every analytical cbeimst in practice (.'/irmicaZ Trad* daiirnul. 


lu Large Crown Svo, Clotli. Fully Illustrated 5a. net. 

O I F XJ E IL. : 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 

By SIDNEY H. NORTH, 

LATE KPITOR OF THE “PETROLEUM REVIEW." 

•ONTKNTS. -The Sources of Supply.—Economic Aspect of Lhiuid Fuel.—Chemical 
yOmpoBition of I'^el Oils.—Conditions of Combustion in Oil Fuel Furiiacos.—Early 
dethmls and Experiments.—Modern B)piier8 and Methods.—Oil F'uel for Marine Pur* 
potts.— For Naval Puriioaes.—On Locomotivos.—For Metallurgical aud other Purposes. 
—Appendices. - Index. 

Everyone interested in this impurtaut question will welcome Mr. North’s excellent 
text*book."— Nature. 


THE PETROLEUM LAMP: Its Choice and Use. A Guide 
• to the .'•'ife Ehiployment of the Paraffin Lam]>. By Capt. J. H. 
Thomson and Sir Bovkrton Kedwood. Illustrated, is. net. 

“A work which Alt meet every pnriK)»e for which it haeheen written.”—Petreirnnt. 
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QHi^FIN CO,*S PUBLICATIONS. 

_ t _i. 


Griffin’s 'gldtiltegifsi Strits. 

WORKS OF REFERERCB 

FOR 

Metallurgrists, Iftne-Owners, Assayeps, Manufacturers, 
and all interested in the development of 
' the Metallur$rical Industries. 

‘ F,DITFI> BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

In Large 6vo, Handsome Cloth. With Illustrations. 



IITTBODUCTION to the STUDY of MBTADDUBOY. 

By the Editor. Fifth Edition. i8s. (See p. 63 .) 

OODD (The Metallurgy of). By Thos. Kirke Rose, 
D.Sc., Assoc. R.S.M,, F.C.S., Chemist and As.sayer of the Royal 
Mint. Fifth Edit ION. 21s. (Seep. 63.) 

DEAD AND SIDVEB ^The MetaUurgy of). By H. F. 
CoDLiNs, Assoc.R.S.M., M.Inst.M.M. Part I., Lead, i 6 s; Part 
' 11., Silver, i 6 s. (See p. 64 .) 

I.BON (The Metallurgy of). By T. Turner, A.R.S.M., 
F.I.C., F.C.S. Third Edition, Revised. (See p. 65 .) 

STEEL (The Metallurgy of). By F. W. Harbord, 
Assoc.R.S.M., F.LC., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Third Edition. 25 s. net. (See 
p. 65 .) 


Will he PubHsked at Short Intervals. 

MBTALLUBQICAL MACHINEBT ; the Application oi 
Engineering to Metallurgical Problems. By H enry Charles J ENidiNs, 
Wh.Sc., Assoc.R.S.M., Assoc.M.Inst.C.E., of the Royal College of 
Science. ‘ (See p. ^). 

COBBEB (The Metallurgy of). By Thos. C. ("loud, Assflc. 
R.S.M. 

ALLOYS. By Edward T. Law, Assoc.R.S.M. , 

*,* Other Volumes in Preparation, 
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OBIFFlX7’|3 METAI.£xTBa]tfJAI: SEBIES. 


Fifth Edition, thoroughly Revised and considtiahh.^Enlarged. «Large 
8vo, with numerous Illtstmtii^ns amt Micio-Photographh • 

Plates of different varieties of Steel. j[8s, ^ 

An Introduction to the Studi\of 

BV 

Sir W. ROBERTS-AUSTEN, K.C.B.. D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Asvayer of the Royal Mint, and Professor of Metallurgy 
in the Koyal College of Science. 

Gknrrat. Contkn'i s.—T he Relation of Metallurgy to Chemistry.—Physical Properties 
of Metals.—Alloys. The Thermal Treatment of Wet.'ils,—Fuel and llicrmal Measur^ents. 
—Materials and Products of MctallurgicaJ Processes-—Fumarcs.—Means of Supplying Air 
to Furnaces.—Thermo-Chemistry.—Tyjncal Wciallurgical Piocesses.—T*he Micro-Structure 
ol Metals and Alloys.— Economic Consnleratioiis. 

No English text-book at all approaches this in the completeness with 
which the most modern views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only xo the student, but also to those whose 
knowledge of the art is far advanced.”— Chemical News. 


Fifth Edition, Revised, Considerably Enlarged, and in part Re-written. 
With Frontispiece and numerous Illustrations. 218. 

THE METALLURGY OF GOLD. 


BY 

T. KIRKE ROSE, D.Sc.Lond.. Assoc.KS.M., 

Chemist and Assayer qf the Royal Mint. 

OSNBliAL Contents.—T he Properties of Gold and Its Alloys.—Chemistry of the 
ConipoUiids t)f Gold.—Mode of Occurrence and Distribution of Gold.—Shallow Placer 
Deposits.-DeopPlacer Deiiosits.—Quartz Crushing in the Stamp Battery.—Amalgam- 
atlpu in the stamp Battery.-Other X'ditos of Cruwiug and Amalgamating Machinery, 
—Concentration In Gold Mills.—Dry Cnishing.—Re-grinding.—Roasting.—Chloiinatlon: 
The Plattiicr Process, The Bairel Pi’ocess, The Vat-Solutlon Process.—The Cyanide 
Process.-Clicmistry of the Cyanide ftocess.—Refining and Parting of Gold Bullion, 
--•issay of Gold Ores,—Assay of Gold Bullion.—Statistics of Gold Production.—Biblio- 
0 aphy.—I ndex. 

“AooMPBBHKMBivaPBAorroALTRBATisK ou this Important subject.”— fimu. 

•‘The xoBT ooMPUiiTK deeorlption of the ohlobinatiok froobsb which has yet been pob- 
fished.” ^Mining Journat,. 

^ “Adapted tor «in who are Interested in the Gold Mining Industry, being free fro® teoh- 
olcalities as far as possible, but is more particularly of value to those engaged Id toe 
iadustry.”—Cope Wimet. 
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OHAHLflS OHIFFIN .t- CO.'S FUBUOATIONS. 

OKIFFIN’S METAililTBCHCAI. SEBIES. 

Edited dy Slli \Y. llOiJBETS-AUSTEN, K.dB., F.R.S., T).Oa.. 

In Large^Svo. TTan<^ome Cloth. With IUnHtraiionA. 

In Tiro VolumfiS, Each Complete in Itself and Sold Separately 

THE MMlUReV OF LEAD AND SILVER. 

By H. F. COBLIN.S, Assoc.R.S.M., M.Inst.M.M. 

4>art I_LEAD: 

A Complete and Exhaustive Treatise on the Manufacture of Lead, 
with SoctioiH on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. Price i6s. 

SuMMAiiy OP Contents.—S ampling ami Aasayinpr Leail and Silver —Properties and 
Compounds of Lead.—Load Ores.—Load 8 moltn»g.*-Kevorbcralori 08 .“Lead Smelting In 
nearthi.—Tho Itoasting of Lead Oios.—Blast Knrnace Smelting; Principles, Practice, 
and Examples: Pro<lucts.—Plue Bust, its Liomposition, Collection and Treatment.— 
Costs and Losses, Purchase of Ores. -TTeatincntof Zinc, Lead Sulphides, Besilverisatlon, 
Softening and Refining. -The Pattinson Process.—The Parkes Process.—Cupellatioii and 
Refliiing, (fcc., i&c. 

“A THOROnOIILY ROUND and useful digest. May with KVKKY CONPIDKNCE be 
recommended.”— Journal. 


Pa,x>t II*—SIEYER. 

Clomi>rising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes ot 
Manufacture, Refining of Bullion, Cost of Working, &c. Price IGs, 

SUMMARY OP Contents. —Properties of Silver and its Principal Oompoiiiuls.—Silver 
Ores.—Tlic Patio Process. -Tlio Kazo, Fondon. Krdhnke, and JTna Processes.—The Pan 
Process.-Roast Amalgamation.—Treatment of Tailings and Concentration.—Retorting, 
Melting, and Assaying —Chloridising-Roastmg.—The Augustin, Olaudet, and Zlevvc^el 
Processes.—The Hypo-Sulphite Loaohing Process.—Rettning.—Matte Smelting.—l^ltlc 
Smelting.--Matte Smelting in Reverberatories.—Silver-Copper Smelting and Refining.— 
Index. 

“The author has focussed A large amount op valuable informatton into a 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and well. ’— Mining Journal. 


IN RRBPARATION, 


METALLURGICAL MACHIRERY: 

The Applloatlon of Engrlneering to Metallurgrioai Probiemo. 

Br HENRY CHARLES JENKINS, 

Wh.Sc., ASSOC.R.S M., Assoc.M.Imt.O. E. ^ 
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Thir«> Edition, Rcviaod. With Niiiniffons. Ihustrt^iona. Iiar^e»^'o. 

Handsome Cloth. 2.')S. net. ^ , 

With Additional Chapter 'in Tht Electlic Smelting of St Jl 

THE METALLURGY OF^STEEL, 

By F. W. HARBORD, As.soc.^.S.M., F.LC., 

Consulting MtlcUlurgist and Analytical Chemist to the Indian Oovemment, 
Royal Indian Engineering College^ Coopers I HU. • 

Wilh 37 I'lates, 280 Illustrations in the Text, ami nearly y)0 Micro- 
Sections of Steel, and a Section on 
THE MBCUAii ICAL TREATMENT OF STEEL. 

By J. W. hall, A.M.Inkt.C.E. 

Abrtooko (’ontentk—'J’ ho Plant, Machinery. Mothnds and Ohetnistry of tho PessHiner 
and of ttic Open Hearth Processes (Aonl am! Itasic).—Tho Mechanical 'I’roatmout, of Steel 
oompriRinR Mill Practice, Plant and Miwhmorv —The Influcuoc of Metalloids, Heat 
Treatment, Special Steels, Mlorostnicture, Testing, and Spcciileiiiions 

“A work which we vontmc t<> coinuicml as an invaluable cuiniKMidiiiin of inforinatinu upon 

the metallui-KV ol (Ufd '/'TOdi".'y* wii’M’ . 

The says, at tin* conclusion of u review if tins book — Wc cannot, conclude Yvlthout 

earncMtly rccominciuhii}; all who may bo mtcrcstcu .is makers or users ot steel, which praetleiilly 
means the whole of the cii>.'iiieciin;r profi*ssion, to make tliemscUcs acuu,anted w’lth it as HiMWcnly 
as noMHible, and this may 1«* the more easily done .is the piiblishcd puce, cuusidcrhiff the sisie 
of till* book, i.s extremely modetalc.’’ 


Thikd Edition, llevised. SiioiiTi.v. 

THE METALLURGY OF IRON, 

By THOMAS TURNER, Assoc.R.S.M., F.I.C., 

Vrofessor of Metallurgy in the Unwersity of Birmingham. 

In Large 8vo, Handsome Cloth, With NaMBROus Illd^rations 
(many from Photographs). 

Oeneral CoafenfJ.—Early Hiatory of Iron.—Modern History of Iron —The Age of Steel. 
—Chief Iron Ores.—Preparation of Iron Ores.—The Blast Fornaco.—Tho Air used In the 
Blast Furnace.—Reactiorm of the Blast Furnace.—Tho Fuel used in tho Blast Furnace.— 
SlagB and Fuxes of Iron Smelting.—ProperUes of Cast Iron.—Foundry Practice.—Wrought 
Iron.—Indirect Production of Wrought Iron.—The Paddling Process.—Farther Treatment 
of Wrought Iron.—Corrosion of Iron and Steel. 

A MOST VALUABLE SUMMARY of knowledge relating to every method and stage 
in the mannfactnw of cast and wrouf^t iron . . . nch in chemical details. , . . 
S|xHAU8Tiv& tmd THOROUGHLY UP-TO-DATE.”— J5M?;eWn of the American Iron 
aSd Stsel Amciedion. . , 

“ This is A DELIGHTFUL BOOK, giving, as It doe«, reliable information on a subject 
becoming every day more elaborate. ”— Colliery Guardian. 

*‘A THOROUGHLY JPSBFUL BOOK, which DlingS the subject OF TO DATE. Of 

^RBAT VALU/^ to those engaged in the iron industry.”— Mining Journal. 

For l^rofesBor Turner’s Lectures on Jron‘Founding^ see page 08. 
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'(Tenth Edition. With Tablife and Illustrations. Crown 8vo. 

t f( Cloth, ros. 6d. < ^ 

A. TEXT-BOOK ’ OF ASSAYING 

• For the uri of Stud^enU, Mine Managers, Assayera, do. 

\ By J. J. BERINOEr! F.I.C., F.C.S., 

Public SVnaly^ for, and Lecturer to the Mining Association of, ComwalL 

/And C. BERINGER, F.C.S., 

* Late Chief Assayer to the Rio Tinto Copper Company, laondon, 

Gbnbkal Contents.—*‘Part 1. — Introductory; Manipulation: Sampling; 
Oryi^; Calculation of Results—Laboratory-books and Reports. Methods : Dry Gravi* 
oretnc; Wet Gr^metric—Volumetric Assays: Titrometric, Colorimetric, Gasometrio— 
Weighing and Measunug—Reagents—Formula;, Equations, &c.—Specific (Cavity. 

Part I L—Metals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lrad, Tholliam, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganef>e, Chromium, etc.— Earths, Alkalies. 

Part IIL-— Non-Metals : Oxygen and Oxides; The Halogens—Sulphur and Sul* 
phates—Arsenic, Pfaosphonib, Nitrogen—Silicon, Carbon, Boron*»Useful Tables. 

**A rballv meritorious work, that may be safely depended upon either for systen^atic 
instruction or for reference.*'— 

This work is one of the best of its kind.”— Enginter. 


Fourth Edition, Revised. Handsome Cloth. With Numerom 
lUustroUions. Cs. 

A TEXT-BOOK OE 

ELEMENTARY METALLURGY. 

Including the Author’s Practical Laboratory Course. 

By a. HUMBOLDT SEXTON, F.LC, F.O.S., 

Professor of Metallurgy in the Glasgow and West of Scotland Technical College. 

GENERAL CONTENTS.—Introduction,—Properties of the Metals.—Combustion. 
—Fuels.—Refractory Materials.— Furnaces.—Occurrence of the Metals in Nature.— 
Preparation of the Ore for the Smelter.—Metallnrgical Processes.—Iron.—SteeL— 
Copper.—Lead.—Zinc and Tin.—Silver.—Gold.—Mercury. — Alloys.—ApplicatioUB 
of Elrctrioity to Metallurgy.—L aboratobt Couksb. 

Jnst Lhe kind of work for Students oommbkcxno the study of Metal- 
Inrgj, or for Emginbbbino Students.”— Practical Engineer. 

“ Excbllbntlt got-up and wkll-arbawobd. '’’—CUmAcal Trade Journal, 


In I^arge 8vo. Handsonie Cloth. Price 4a. 

TA.BL&S FOR 

fiOANTITATIYE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 

OH THE PRINCIPLE OF “GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S... M.S.C.l. 

“The Author may be conobatulated on the way his work has beei\,eaiTled 
The SMtneer. 

“ Will COMMEND iTSKLF highly lu Laboratory Practice. Its OLEABNiua and rRBOiaimi 
mark the book out as a highly useful one."—Afininff Journal. * 

.LONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRANU 



67 


KLEOTRO-METALl.i;^l{aY, ET<^. 


. » » 

Second Edition, Kovised, Eiil|rged, and m part Re-wriite%» 
With Additional .'i^biona on Modern Tkei luaa o^ Eleotrolvsis 
CosTh, Vrice 10a? (id. 

A TREATISE ON 

ELECTRO-1 

Embraoing the Application of Electrolysis to the Pla^g, B^positing, 
Smelting, and Refining of various Metals, end to the Repro* 
duction of Printing Surfaces and Ai%-Work, &o. 

WALTER G. M’MILLAN, P.I.C., P.b.S., 

Secretary to the Institution of Electrical E-nginecns; late Ijccturer in Metallurgy 
at Mason College, IHrminghaui. 

With numerous Illustrations. Large Crowr 8vo. Cloth. 



** This excellent treatise, . . . one of the best and most complete 

manuals hitherto published on Electro-Metallurgy .”—Electrical Review. 

“This work will be a staularl.” — JeweU&r. 

“Any metallurgical i)roces8 which rkluoks the cost of production 
must of necessity prove of great commercial importance, . . . We 

re<x>mmend this manual to all who are interested in the practical 
APPLICATION of electrolytic processes.”—.^a^wre. 


SsoOKO EornoN, Thoroughly Revised and Enlarged. * In large 8vo, 
With Numerous Illustrations and Three Folding-Plates. 21s. net. 

ELECTRIC SlELTIIfr & REEIOT&: 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the “ Elkktuo-Metalluboik ’* of Dr. W. BORCHERS. 

Transited from the Latest German Edition by WALTER G. M^’MILLAN, 
F.I.C., F.o.s. 


CONTENTS. 

Part I. — ALKALiKi^ anj> Alkaline Earth Metals: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II. >-The Earth Metals: Aluminium, Cerium, Lanthanum, 
Didymium. 

•Part HI.— The Heavy Metat.s : Copper, Silver, Gold, Zinc and Cad¬ 
mium, Mercury, Tiu, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese^ Iron, Nickel, and Cobalt, the Platinum 
Gffoup. 

• ** Comprehensive aud authoritative . . . not only pull of valuable infor* 
KATlOH, but givoa evidunce of a THOROUGH INSIGHT into the techniual value and 
POSSIBILITIES of all the inethmla dUcuBsed."— Electrician. 

“ Dr. BOROUBRS’ WELL-KNOWN WORK . . • must OP NECESSITY BE A0(tDIRBD by 
•erery one Intesested tu the subjeot. Excellently put into English with additional 
matter by Mr. MoMillan.”— Eaiure. 

“ Will be of o*KAT siRViOK to the practical man and the Student.”—-.Keofiio Smelting, 
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/?i Medium Hco, Handsome doth, ruilij Illustrated* JSs. net. 

GENERAL F/DUiiDRY RRACTICE; 

( A Practical Handbook for Steel arof Brass Founders, • 

' Metallurgists, ail'd Students of Metallurgy. • 

]>: A. M'W^LUAM, A.K.S.M., and PERCY LONGMUIK. 

(.’ONTKNTH.- -Ijitroduction. —fiem-ml of JMatUT. Mouhling i; 

SaiitlB juulf Pacings.—^’oiuidry 'I’otds.— Moulding Itoxes.— HaiMlluig Material in tile* 
Kouiuhj .—OiicK San^ Moulding.—Cores. Elementary Aspects of Moulding.--(ri-cen 
.Sand Moulding.--Seizing ('ores »ii .Moulds.—-Mouhling from Guides.—Eeitcli, Gddside, 
and Plate Moulding—Machine Moukling.—Dry Hand Moulding.--Umin Moulding.— 
Chill ('aatinjf. Casting on other Metals.—jhirnhig.—'Weighluig and Binding ^laterials. 
—-.Shrinkage. (MntrucUon, .‘uid M'arjiing.—Dressing Castings.—Common Panits due to 
Mouhl and Pattern.—Malleable or "W ronght Iron, Steid and Mullcuhic Cast Iron.- Cast 
Iron.—Jtefnictory Materials. Puds and Purnaee.s. .Mixing by Analysis. - Uenieltiiig.— 
M^orking the Cupola — l''nither Trcalinent of Cast Iron.- High 'IVmiM.'rnture Miaisiirc- 
ment.—Hteel. Notes on Metals other than li-on. Alloys.—Mechanical 'J'eating.— 
Micrograplilfi Analysis. -Common Paults.—Poundi'y Management —iNhEX. 

Extra Grown Sro. With 4S Hhvitratiofiis. 3x. 6(i. lud. 

LECTURES ON IRON-FOUNDING. 

By I'HOMAS TURNER, M.Sc., A.R.S.M., F.I.C., 

J^ndesBor of Metallurgy in the Tiuiverslty of Bii'mlnghain. 

Contents.— Varieties of Iron and Steel.—Application of Cast Ir«)n. — lllstory. — Pro¬ 
duction. Irou Ores.—Composition.—The Bhist Puruace.—Materials. —Reactions.— 
Grading Pig Iron.—Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium.—The Poundry.—General AiTaiigomeut.—He-mdting 
Cast Iron. —The Cupola. — Puel Csed.- Changes due to lie-meltiug. — MnnUls and 
Moulding.—Poundi 7 Ladles.—Pouring and Pouring Temperature.- -Common Troubles.— 
Influence of Shape and Size on Strength of Castings.-Tests. 

“ Ironfonnders will find much information in the book .”—Iron Trade CnevUiT 
{Ryland's). * 

In Large Ato. Library Style. Bdauafuily Illustrated with 20 Plates, many 
in Colours, and 9.f Figures in the Text. £2, 2s. net. 

pjRSCIOUS S'TOlSrES: 

TheiP Ppopeptles, Ocouppences. and Uses. 

A Treatise for Dealers, Manufacturers, Jewellers, and for alt 
Collectors and others interested in Gems. 

By Dll. MAX BAUER, 

Professor in the University of Marburg, 

Translated by L. J. SPENCBill, M.A. (Cantab.), F.G.S. 

“ The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone i.s a lesson on precious stones, whilst the peinisal of ttie work itself should 
add a new interest to any casket of jewels or eabinet of gems, or even to a jewellers’ 
window. "—Athenmim. 


In Large Grown 8vo. With Numerous IllvAtraiioms 8s, Gd. * 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A Manual on the Manipulation of Gold and the 
Manufacture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths’ Assoc. Teoh. SchooVBirmingham. 

Assisted by J. H. STANSBIE, B.Sc. (Lonj^), F.I.O., 

_ Lecturer at t he Bi r mi ngha m Mu nicipal Teoh] |lcal Schoo l. 
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«7'hird Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

' A SfHOBT JIANUAL OS 

IKORG.ANIC CHEMISTRY 

A. EUPIJE, Ph.D., F.R.S., 

And\ W/lSON hake, Ph.D., F.I.O., F.C.S., 

AOt the Wed^inster Hospital Medical School. 

“An BXir'MPLB OF THS ADVANTAGBS OF THB SYSTEMATIC TrBATMBNT Of a ScieuCC 
over the fragmentary style so generally followed. Bv a long wav the best of the small 
Manuals for Students.*'— Anatys/. 


In JEI^ndsomu Cloth. With nearly 50 Illustrations. 3s. 6d. net. 

THE ELEMENTS OF CHEMICAL ENCINEERING. 

By ,1. GKOSSMANN, M.A., Ph.D., P.I.C. 

WITJI A VKKFACK HV 

.SiK WILLIAM HAMSAY, K.C.15., RR.S. 

CONTKNT.S.—Tiic Beaker and its ’rechnical Etiuivaletits.—Distilling Flasks, hiebig's 
Condensers. •• Kractionatlng 'I'libes and their Tecdiiiieal Eqiiivaloiits.—The Aii'-Bath and 
its Technical E<juivalents.—Tlie Blitwpijie and Oriicibh* and their Technical Equivalents. 
—The Steam Btjiler and other Sources of Power.—CJcneral Hemai'ks on the Application 
of Heat In Uliemical Engineering.—The Fiinmd and its Technical Equivalents.—The 
Mortar and its Technical Equivalents. -Measuring Instruments and their Technical 
Equivalents.—Materials Used in Chemical Engineering and their Mode (kf Application.— 
TechnicalTleseurch and the Designing of Plant. -Conclusion.—Chemicals and Materials. 
—Inpbx. • 

“ Excellent. . . Every student oi chetnistry ulleinling a technical course should 
obtain a copy. — Chenitcal Sen's. ^ 


LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

Professor of Metalhirgy In the (ilasgow and West of Scotland Teobnioai College 

OUTLINES OF QUANTITATIVE ANALYSIS. 

r FOR TUB USB OF m^UBBBTS, 

With lUufltrations. Fifth Edition. Crown 8vo, Cloth, Ss. 

** A OOMPAOT LABORATOBY ouzDB for beginners was wanted, and the want has 
been wbll supplied. ... A good and useful book .**—ImvcxL 

OUTLINES OF QUALITATIVE ANALYSIS.. 

FOR THB USB OF STUDENTS, 

With Illustrations. Fourth Edition, Rewised. Crown 8vo, Cloth, Ss. 6d. 

” The work of a thoroughly practical chemist.**—.BnftsA MediaU Jowrnai, 

** Oompiled with great care, and ?rill supply a want .’*—Jowrml of Edvjcalion, 

ELEMENTARY METALLURGY: 

Including the AnthoPe Practical l^aboratory Conrae. 

* [See p. 6 d. 
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CHEMISTRY ASH Ti'OHSOLO&^Y. . 


*‘Tho authors have sqccsbdbd bejrond all expectations, and Live produced a work.^htch 
should ffive vrhsh POWi^R to (^e Engineer and MaiSufactnrer." VI ■ 

Itf Two Volii., Large 9vo. With Illustrations. Sold Separately;. 

CHEMISTRY FOR* ENGINEERS 
AND MANtJPACtUR]ERS.. 

A PRACTICAL TEX3^B00K\ ' 

BY » 

BERTRAM BLOUNT, F.I.O., & A. G? BLOXAM, P.I.O. 

X. Px^ioe los. ed.^ 

CHEMISTRY OF ENGINEERING, BUILDING. AND 
METALLURGY. 

QeneraJ, Cnn<ent«.—INTRODVCTION —Chemistry of the Chief Uaterlale 
of Construction—Sources of Energy -Chemistry of Steam-ralslng—Chemis¬ 
try of Lubrication and Lubricants—Metallurgical Processes used iu the 
Winning and Manufacture of Metals. 

VOK.XJ1IIXM: ZX. PvAoe les. 

Second Edition, Thoroughly Revised. Illustrated. ICs. 

THE CHEMISTRY OF MANUFACTURING 
PROCESSES. 

General Coretenh.—Sulphuric Acid Manufacture-Alkali, Ito.—Destructive 
Distillation—Artlflcial Manure—Petroleum-Lime and Cedieut—Clay and 
Glass —Sugar and Starch — Brewing and Distilling—Oils, Resins, and 
Varnishes—Soap and Candies — Textiles and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, Glue, and Size — Explosives and Matches —'Minor 
Manufactures. 

“Certainly a good and usBruL »ooK, constituting a pkactioal omns for atndenta by 
affording a clear conception of the nnmerous proucsscH as a whote.”—CAcmlrai Tradt 
Journal. 


SxcOND Edition. In Large 8 vo. Handsome Cloth. With pages 
and 154 Illustrations. 25 s. net. 

OILS, FATS, BUTTERS, AND WAXES: 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE¬ 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc., F.R.S., 

Late Lecturer on Chemistry, St. filarv's Hospital Medical School: Examiner 
in *' Soap** to the City and Guilds of London Institute. 

^ Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

• “Will be fBund absolutely iNDispBNSA»LB.’'—r.*/ 

“Will rank as the Standako English Authority on Oils and Fats for many 
fears to come.**— fndustries and Iron. 
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QRimN & 00.'& PUBUOATIOHS. 


FiFTfi Edition, Thoroughly Revised, Greatly Enlarged and Re-written. 

With additional ]4.bles, Plates, and lllnsti ations. 218. 

POODS: 

THSI^ QOMPO'sITFDn'aND ANALYSIS.' 

By a. WJ#NTER‘"»LYTH, M.R.C.S., E.IC., F.O.S., 

* BarrlBter-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

Gknbbal Contents. — History of Adulteration. — Legislation.—Ap¬ 
paratus.-*'** Ash.”—Sugar. —Confectionery. — Honey. — Treacle. —Jams 
and Preserved Fruits.—Starches. — Wheafcen-Flour. — Bread.—Oats.-- 
Barley.—Rye.—Rice. —Maize. —Millet,—Potatoes. — Peas.—Lentils. — 
Beans.— Milk. — Cream.—Butter.—Oleo-M argarine.—Cheese.—Lard. — 
Tea. — Coffee. — Cocoa and Chocolate. — Alcohol. — Brandy. — Rum. — 
Whisky. —Gin. —Arrack.—Liqueurs,—Absinthe.— Y east.—Beer.—W ine. 
— Vinegar. — Lemon and Lime Juice.— Mustard.—Pepper,—Sweet and 
Bitter Almonds.—Annatto.—Olive Oil.— Water Analysis. — ^Appendix : 
Adultemtion Acts, &o. 

‘'Simply iin>iaPKMa4BLS in tbe Analyst’s laboratory. Lancet. 

"A now edition of Mr. Wynter Blyth’s Standard work, skbicbei) witb ai.l thk bbomt 
niscoTBBiES 4BD WPKOVKVBNTS, wlU 06 accepted as a boon.”—CAemfeal Hem. 


Fodbth Edition, Thoroughly Revised. In Large 8vo, Cloth, with 
Tables and iuustrations. 21b. net. 

POISONS: 

THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

Barrister-at-1.4iw, Public Analyst for the County of Devon, and 
Medical Officer of Health for S'!. Marylebone. 

aEKEBAL CONTENTS. 

1.—Historical Introduction. II.—Classification—Statistics—Connection 
between Toxic Action and Chemical Composition—Ufe Tests—General 
Method of Procedure—The Spectroscope—Examination of Blood and Blood 
Stains. III.—Poisonous Gases. IV.—Acids and Alkalies. V.—kR^re 
or less Volatile Poisonous Substances. VI.—Alkaloids and Poisonous 
Vegetable Principles. VII.—Poisons delived from Living or Bead Animal 
Substances. VIlI.—The Oxalic Acid Group. IX.—Inorganic Pois&s. 
Appendix: Treatment, by Antidotes or otherwise, of Cases of Poisoning.^ 

‘'Undoubtedly 9BB uoav coMPUtvs wobk on Toxicolc^in our languafra.”—inte Amalyai (on 
the Third XditUmJ, 

“ As a PBAonoAL ariDB, we know so sarfsa work.”—3'he Ijaneet (on the TUrd Bditioni. ^ 
*•* In the Thibu Bbiyiob, Enlaived and iMutly Re-written, Nbw AnaiTTicaL Mithom hava 
ben Introduced, and tbe OADaviaio Aixaloim, or pyoKaiuas, bodies playiiw so great a put is 
Food-polKmlng and Is the Manifeetations of DisMsie, have received special antotion. 
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With Nuiiicrous Tables, anft 22 Illu: rra*ions. l6s. 

DAIRY .CH-EJVtlS’TRY-. 

FOB *DAIRT MANAGERS, CHEMISTS, AND^ ANALYSTS 
,A Practical Handbook far Dj^ry Cilbmists and others' 
having Control of Dairies. ^ * 

By H. droop RICHMOND, F.\C.,'^ 

CHEMIST TO Ilir AYLHSEURV DAIRY COMI-..WY. _ 

9 

Contents. —I. Intioductory.—The Constituents of M^k. II. The Analysis of 
Milk. 111. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Mattel^. 
VI. Butter. VII. Other Milk Products. VIII. 'I'he Milk of Mammals other 
than the Cow.—Appendices.—Tables.-- Index. ^ 

. In our opinion the book is thi_ bhst contriuotion cn the .subject that 
HAS yet appeared HI the English language.”— Lancet . 

Fully Illustrated. With Photographs of Various Breeds of Cattle, Ac. 

Gs. we/. 

MILK: ITS PRODUCTION USES. 

With Chapters on Dairy Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies. 

By EDWARD F. WILLOUGHBY, 

M.I). (Loud.), D.P.ll. (Lond. and '’amli.). 

“ We cordially rcconiiiieiid it to everyone who has anything at all to ho with milk.'’— 
Dairit World. ' _ 

In Crown 8vo, Fully lllu.slraled. 2 s. 6d. net. 

THE ZiABOBATOKT BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.I.C., 

Analyst to the Aylesbury Dairy Co., T.ld. 

“Without doubt the be«.t <.oniribution lo the htei.'iture of its subject that bai 
written.” -Medical Tunes. 

At PRE.S.S. lu Crown 8vo. Handsome Cloth. Illustrated. 

‘SOIXa 13 JLC'TCIRI JL. 

• By JAMES CLARK, M.A., D.Sc., A.R.C.S., 

Principal of the Ceutml technical Kchools for Cornwall. 

Cdl^NTS.—The MicroMirgoDisms of the Koil, their Apj^orance, Growth, Repro¬ 
duction, Activity and Coinlitiong of Existence.—Soil Bacteria and their Relations to 
Organic Matter.—Decomposition and Putrefaction.—Formation and Nature of Humus; 
Decomposition of Farm-yard Manure.—Effects of Tillage Operations and of Various 
Manures on the Decuup.ieition of the Organic Matters in the boil.—Fixation of Free 
N^ogeu hy Bacfjmia JLiviiig in Synibiosis with Higher Plants.—Nitragin.—Fixation 
ol^Free Nitrijgtn by the Soil. — Alinit. — Niti’iftcatf jn. — DenitriheatioD. — Conditious 
and Treatment Favourable for the Increase of Soil Nitrogen and for the Process 
of Nitrification.—Sml Bacteria whicdi are of Minor Importance. 

- - -•- 
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CMABfjm ORJFFIN & OO.’S PUBLWATIOm. 

---- 0 - ^ - 

*♦ Crown 8vo^ Handsome Clotti, Fully Illustrated. los. 6d. 

FLpgH- FG6DS 

With*Methods^or their. Chemical, Microscopical, and Bacterio- 
' ^ logical Examination. 

A Practioal Van^ook for Medical Men, Analysts, Inspectors and others. 
By C.,AIN^WORTft^'MITCHELL, B.A., F.I.C., F.C.S., 

Member of Councils Society of Public Analysts. 

With Numerous TTahletiy Illuetrations, and a Coloured Plate. 

*' A compilatten which will be most useftil for the class for whom it is intended.'*—yfrArKtrwm. 

* ** A booK which^WO onh whose duties involve considerations of food supply CAN AFFORD TO BB 
WITHOUT.”— Jottmal. 


Id Large 8vo. HandRome Cloth. 

AGRICOLTURAL CHEMISTRY AND ANALYSIS: 

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 
By J. M. H. MXJNRO, D.Sc., F.I.O., F.C.S., 

ProfBBHor of OberalRtry, Dowotoa College of Agriculture. 

_ [In Preparation. 


In Large 8vo. Handsome Cloth. With numerous Illustrations. 
Each Volume Complete in Iteelf and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-orgadams in the Arts and Manufactures. 

By Dr. FRANZ LAFAR, 

Prof, of FermenUtlon'Pbysiology and Bacteriology In the Technical High School, Vienna 
Witli an Introduction by Dii. EMIL CHR. HANHEN', Principal of the Carlslierg 
Laboratory, Cnpenhugen. 

Translatkd H\ CHARLES T. C. SALTER. 

Vol. I,~SCHIZOMYCE!TIC FBHMKNTATION. 15s. 

Vol. II., Part I.—HUMYCBSTIC FBRMBNTATION. 7s. 6d. 

^'Tbe flret work of the kind which can lay claim to compieteneRB In the treatment of 
a laBcinatlng Bubjeot. The plan Ih admirable, the olaBBlflcatlou simplo, the style 1 b good, 
and the tendency of the whole volume Is to convey sure information to the reader."— 
Lancet. ___ 

Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
^Companion Volume to “FERMENTS," by the same Author.] 

TOXINES AND ANTITOXINE’S. 

By OARL OPPENHEAIER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

C. AINSWORTtI MITCHELL, B.A.,.F.I.C., F.C.6 

With Notes, and Additions hy the Author, since tho pulilication of tb& German Editllhi. 

• “For wealth of detail, wc have no small work on Toxines wWch oituals the]oiie 
under review.”—Jfedteoi Times. 
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In Crown «vo, Handaome ftlotb. I lL*' 7s.^6d. net. 

rERMB^I^TS 

Avt -D rrxisxR ac rr*! o wr s'.’ 

A Text-book on the Chemistry and Physic^ of PermiVtative CUtingea, 

' *By carl OPPENHfilMER, Ph. D., V,D., 

or tbo rhysiolOKical Institute at Erlangeii^ d 
Translated from th* <(fttMAN 
C. AINSWORTH MITCHELL, B.A., F.I C., P.C.3. 

Abkii>gb 1) C0NTKNT3.—Introduction.—Definition.—Cheftiical Nature of ITennenU.-—* 
Influeuco of External FaclorB.~Mo(1e of Action.—Physiological Action.—Secretion.— 
Importanceof Ferments to Vital Action.—Proteolytic Pormonts.—Trypan.—Bacteriolytlff 
and Heemolytic Ferments.—Vegetable Ferments.—Coagulating Ferments.—Saccharifying 
Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which, decompose 
Oluoosides.—Hydrolytic Ferments.—TiUCtic Acid Fermentation.—Alcoholrc Fermenta* 
tion.—Biol(^ of Alcoholic Fermentation.—Oxydases.—Oxidising Fermentation.—BibU> 
c^raphy.-INPEX. 

Such a veritable multum in parvo has never yetap})eared.’’—^rstrers’ Journal. 


XuiKD Edition. In Handsome Cloth. Fully Illustrated. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTEl: J. SYKES. 

Eevised by ARTHUR R. LING, F.I.C., P.C.S., 

Editor of IheJotirnnl of tlie Institute of Brewing.# 

ContBaNTS. -Pliysical Principles Involved. - The CTiemistry of Brewing. — The 
MUroseope.— Vegetsiblo Piolc^y. — Kuinu'iitaxtion.— Water.— Parley and Mmting.— 
Arrangement of Brewery Plant.—Onaiitities of Muterinls. - Fermentation.—Antiseptics. 
—Finings.—Characteristics of Beer.--Diseases of Beer.-I ndex. ^ 


In OroNMi 8vo. Handsome Cloth. J^'ully Illustrated, ds. net. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING, Consulting Hydraulic Engineer, 

And FRP.DERICK T. HISSING. , 

OSNSRAii CoNTXNTB —IntveKlurtioii —Tlic Formation of Peat.—Area and Depth of Bogs in 
Principal Countries.- Manufacture »)f Peat Fuel. &c.—Cut Peat, Dredged Peat, and Manufactured 
Peat.—Machinery employed in the* Manufacturoof Peat Fuel.—PoatMoHB Litter, and the Machinery 
employed in its ManuTactuie 'Peat Charcoal and Its Maimfaoture —(Jost of making Peat Fuel ana 
Charcoal.—Other Productions derived h‘om Peat, such as Tar, Manure, Candles, Dyis. Paper, &;c. 
—BlBLlOGRAVnT.—iRDX.X. 


• ]n Crown 8vo. Handsome Cloth. With 30 Illustrations. Os. net. 


THE CLAYWORKER’S HANDBOOK. 

Epitome of the Materials and Methods employed in BHchmaking and Pottery. 
^ BY THE AUTHOR OF “ THE CHEMISTIIY OF CLAYWORKING,” &0. 

Obmbbat. Contbnts. —Materials used in Olayworking; Clays, KiiEobes, Glazea Colours, 
Water, Fuel, Oils, and Lubricants.—Tim Prciuirathm of the Clay, Mining and Quarrying, 
Weathering, Washing, Grinding. Tempering, ana Pugj. 


I Ul l>UR Olay, JUilllllK HUU ^UtU I 

g iiig.—Machinery; Boilers, Engines, General 
ryers and Drying.—Engoblng and Glazing. 
-BottlDg or Ohaazing, TFansporL—Kilns.—Firing.—Discharging, Sorting, and Paclcing.—Defecci 
and Waste.—Testa. Analysis and Control —BiationaAFEr.— Tablbb.—Indsx. 

“We can thoiwughly recommend this haud.Y little book to all our readers.”-Brick and 
Pottery Tradeit' Journal. 


^aoliinery.~8ieves.^Bfi>injf Maclnnci^, Presses, Ac 
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OHARf^ES ORi’^’FIK CO.'R PUBLICATIONS. 
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Second Edition, ItevisED and Enlarged. 

With Tables, lUistiations^ the Text, and 37 LithotEraphic Plates. Mediorm 
, Sto. Hand^me Cloth, • 30 s. 

StlWAGE DfSPOSAL WORKS s 

A Qatde to the^onstruttlon Wtri^ks for the Prevention of the 

e PoUutton by Sewage of Rivers and Estuaries. * 

By sA'NTOiy^pRIMP, M.Inst.C.E., F.G.S., 

^Late Assistant']£ttgineer. London County Councit 
**Probalfiiy th« most complrtr and rrst treatise on the subject which has appeared 
in our language ^—Edinbui%jh Medical Journal. 


Beautifully Illustrated^ toiih Numerous Plates^ DiagramSy and 
Figures in the Text. Sis, net. 

TRADES’ WASTE: 

ITS TKEATMENT AND UTILISATION. 

A Handbook for Boroueh Enslneers, Surveyors, Architects, and Analysts. 

By W. NAYLOR, F.O.S., A.M.Inst.C.E., 

CliSef lTiB})HCtor of Kivers, Kibblo Joint Committee. 

Contents.—I. Introduction.—II. Chemical Kngineering.—III.—Wool De-greasiug 
and Grease Recovery.—IV. Textile Industries; Calico Bleaching and Dyeing.—V. Dyeing 
and Calico-Printing.—VI. Tanning and Fellmongery.—VII. Brewery and Disttliery 
Waste.—VIII. Paper Mill Refuse.—IX. General Trades’Waste.— Inpex. 

‘Sphere is probably no person m England to-day bettor flttod to deal rationally with 
such a subject."—iSauifarfon. 


In Handsome Cloth. ^Vith 59 IllustrationB. 6 s. net. 

SIWOKS 

A Manual for the Use of Manufacturers, Inspectors, Medical Officers of 
Health, Engineers, and Others. 

By william NICHOLSON, 

Chief Smoke Inspector to the Shefflehl Corporation. 

Contents.—I ntroduction. —General Legislation against tlic Smoke Nuisance.— 
Local Legislation.—Foreign Iawb.—S moke Abatement.—Smoke from Boilers, I''umace8, 
and KilnC.—Private Dwelling-Hou.se Smoke.— Chimneys and their Construction.— 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Furnaces. — 
Sommary and Conclusions.—iNPKX. 

'* We welcome such an adetiuate statement on an iiupurtant subject."—fin’tisA 
Medical Journal. 


Second Edition. In Medium 8 vo. Thoroughly Revised and Re-Writtgn, 

I 5 s« net. 

CALCAREOUS^ CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. «• 

'WJLAlm flioaxacB Renacavlcai aaijpon CexneB.-t> 

Bv GILBERT R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, ¥.CS. 

** We can thoroughly recommend it as a firs t-class investment"— Engineer. 
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GHMUISTRY ANU /JO^JYOLOS^Y. . 

With Four Folding Plates and Numerous T 1 lustrations. ‘Large >tfo. 
f 8s. 6d. net. | * 

WJLTSR Is U R I* JL.'Sr : . 

Jt Practical Treatise on the Selection of Sc n oes and the OiaCeihution of tVater. 

Br REaiNALD E. MTDBTiETON, M iNST.g.E., 'A.In*i*.Mj£oh.E» E.ai 

• ^A^KIDQBd Contknts.— Introductory?—Req-tireinouts as to Qualay.—Pa iUii'et.'enU 
*aa to Quantity.—Storage Ecservolrs.—Purification —Service ijOBervolrs «h© Flow 
of Water through Pipes. — Dlstrilnitiug Systems. — Pumpinfc Mairtlnes - Special 
Kequiremenls. % 

“ As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookshelf.” - Practical rJtigineer. 


In Largo Crown 8vo. Fully Illustrated. In Two A%)lunie8. 
Volume I. Fourth Edition. Price 7s, 6cl- ^et. 

,v II. Third edition. Ready Shortly. 

THE CHEMISTRY OF 

GAS MANUFACTURE : 

A Hand-Book on the Production^ Purification^ and Testing of Hiuminating 
Gas, and the Assay of the Bye-Products of Gas Manufacture. 

By W. J. ATKINSON BUTTEUPIELD, M.A., P.I.C., P.O.S., 

Formerly Head Chemist, Gas Works, Beckton, London. E. 

** Q'he BEST WORK of its kind which we have ever had the pleasure of re* 
viewing.”— JovniaJ. of (las Li{flUinfi. 


With Diagrams and Illustrations. 5 s. net. 

ACETYI,ENB:* 

THE PRINCIPLES OF ITS GENERATION AND USE. 

By E. H. LEEDS, K.I.O., F.C.S., 

Member of the Society of Puhlh! Analysts and if the Acetylene Associallou; 

Anij W. J. ATKINSON BUTTKRFIELD, M.A., F.I.C., F.aS., 

Consulting Clieniist, Author of “The Chemistry of Oas Manufacture.” 

“ Brimful of information.”--CA<’m. Trade Jtmmal. 

‘‘We can thoroughly recomraond the liook to the manufuctiircr as a reliable work 
of reference, to the user as siiiiplying A-alnable hints on apparatus and methods of 
procedure, and t<j the student }U( a safe and certain guide.”— Acctylnxe. 


Large 8vo. Handsome Cloth, Price Ids. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, investigation, and Prevention of Fires and Explosions. 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition 
By C. ». C. SALTER. 

*')Ib6RII>oei> Oenrral Contents.—F ires and Explosions of a General Character - 
dangers arising from Sources of Light aud Heat.—Dangerous Ga8e8.~RtBk8 Attending 
Special Industries. — Materials Employed. — Agricultural Products. — Fats, Oils, and 
Eesins.—Mineral Oils and Tar.—Alcohol, dec.—Metals, Oxides, Acids, &c.—Lightning 
Ignition Appliances. Fireworks. 

I “The work effords'a wealth of information on the chemistry of fire and kindred 
topics.”— Fire and Water. 

*' A complete ^d useful survey of a subject of wide interest and vital importance. — 
Oil and C^otirman’s journal. 
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Thiiteenth Edition, Thoroughl> Revised. The Appendix on Sanitary 
Law beii>? Entirel;^, Re-Written for this Editjpn. Price 6s. 

PRACTICAL sanitation; 

A HAW-BOOIt FOR SANITARY IJISPECTORS AND OTHERS 
, INTERESTED NN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Mt*n. Council, anat.'Jeiintiner, Sanitary InsHtuU of Groat £ritam, 
f and Modicat Offictr to the Siaffordskin County Cowtcil. 

TIDlitb an ^ppenbis on Sanitate Xaw. 

By HERBERT MANLEY, M.A., M.B., D.P.H., 

* * Burrisier-at-Lav». 

General Contenii>.- Inlioduction.-—Water Supply: Drinking Water, Pollution ol 
Water.—Veftilation and Warming.—Principles of Sewage Removal.—Details of Drainage ; 
Refu.se Removal and Disposal.-- Sanitary anti Insanitary Work and Appliances.—Details of 
Plumliers'Work.—House Construction.— Infection and Disinfection.—Food, Inspection of; 
Characteristics of Good Meat, Meat, Milk, Fish, &c., unfit for Human Food.—Appendix: 
Sanitary Law; Model Byc-l..aws, t's 

“ A VERY USBFUI- HANDimOfC, with a very useful Appendix. We recommend it not only to SANITARY 
INSPPCTORS, but to H< lUSEHOl-Dliks and ALL interested m Sanitary Matters.”—sS<i«M*r> Rtcord. 


In Handsome Cloth. With 53 IlUislralion.s. 3s. 6d. net, 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.I., 

Mem. Incor. Assoc. Mun. and County Engineers, Surveyor, Wombwell, Yoiks. 

Contents. —WatJr Supply.—Ventilation.—Drainage.—Sanitary Building Construction.— 
Infectious Diseases.—Food Ins^ction.—X<wtie.s of an Inspector ^ Nuisances and Common 
Lodging-Houses.—Infectious Diseases Acts.—tactory and Workshop Acts.—Housing of 
the Working-Classes Act.—Shop Hour.s Acts —Sale of Food and Drugs Acts.—The Mar¬ 
garine Jjets.—Sale of Horseflesh, &c.. Rivers Pollution.—Canal Boats Act.—Diseases of 
Animals.—Dairies, Cowsheds and Milkshops Order.—Model Bye-Law.s.—Miscellaneous.— 
Index. 

“ Accurate, reliable, and compiled with conciseness and care ."—Sanitary Record. 


Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. Ss. 6d. net. 

SANITARY ENGINEERING: 

A Practical Manual of Town Drainage and Sewage and Refuse Disposal* 
For Sanitary Auttioritias, Cnslneora, Insiieotors, Arohitaett, 
Oontraotora, utd Stuiiantt. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.§., 

Borough Engineer and Surveyor, Fulham'; late Borough Engineer, Bacup, Lancs. 

GENERAL COVTTENTS. 

Introduction.—Hydraulics.—Velocity of Water in Pipes.—Earth Pressures and Retainiitf 
Walls.—Powers.—H oum Drainage.—Land Drainage.—Sewers.—Separate System.—Sewa^ 
Pumping.—Sewer Ventilation.—Drainage Areas.—Sewers, Manholes, &c.—Trade Refuse.— 
Sewage Disposal Works. — B.icterial Treatment. — Sludge Disposal. — Construction and 
Cleansing of Seuwrs.—Refuse Disposal.—Chimneys and Foundations, 

" The volume bristles with Information which will be greedily read by those in need St assistance. The 
book Is one that ought to be ou ttie bookshelves of EVERY PRACTICAL BNGINRBR. ‘-^^anttary yoummt. 

•' A VERITABLE POCKET COMPENDIUM of Sanitary Engineering. . . . A«work which may, la 

many respects, be considered as COMPLETE . . . COMMBNDABLY CAUTIOUS . . . INTRRBSTXMC 
. . . SXJQKj^TWn.''—‘Public Health Snetneer _ \ _ 

. MNDOM: CHARLES GRIFFIN ft CO., LIMITED, EXET6R STREET, STRAND. 
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„Voi.. 1. Now RfAOY. In Aalf IKot'OCijo, !24s. Set. 

Jn Tivo ^^oluvitis^ each cgmfhi' in itself* 

,^.HYSICO-CHEMJCAL 'TABRES' 

FOR THE USE OF ANALYSTS^PHjrSICIS^CWEKICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISJS. 

Volume I. —Chemical Engmeering, PhyBicafChemistry. 

Volume II. —Chemical Physics, Pure and Analytical Chemistry. • 

By JOHN CASTELB-EVANS, F.I.C., F.CTS., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College. 

The I'ables may almoi.t claim to be exhaustive, and embody and collate all the mMt 
recent data establijAcd by experimentalists at home and abroad. The voli^es will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as far as pos.sible all rules and taelbs required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c.; and also the prm- 
cipal data in Tkermo-Chbmistky, Electro-Chemistry, and the vanous branches of 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent inve.s igations. 


{SKCofJD Edition. In LtOktgt 8vo. Handsomt Ololh. ^w/atifully 
Jllnstrated, With Plates and Figures in the Text. 

Road Making and Maintenance: 

A PRACTICAL TREATISE FOR ERGINEERS, 
SURVEYORS, AND OTHERS. 

With an Histobicai. Sketch of Ancient and Modbbn Pbactiob. 


By THOS. AITKEN, Assoc.M.In8T.Q,E., 

Member of the Association of Municipal and County Engineers; Member of the Sanitary 
Inst; Surveyor to the County Council of Fife, Cupar Division. 

WITH HUMEBOUS PLATES, DIAGRAMS, AND ILLUSTRATIONS. 

— CoNTKNTa.—Historical SketAi.—Resistance of Traction.—Laying ont 
. S^w Roads. — ^rthworka, Drainage, and Retaining Walls. — Road 
•Materials, or Metal.—Quarrying.—Stone Breaking and Haula^.—Road- 
Rolling and Scarifying.—The Construction of New, and the Maintenance 
of existing Beads. —Carriage Ways and Foot Ways. 

•'Thel*lterar^8tyleiii«XCBii.BNT. . . . A coMPEEHBSaiVB and BECBtiENT Modem Book, u 
rp.TO-BATB work. . . . Should be on the reference shelf of emrjr and Coon^ 

B&Rineer or Sarviyor in the United Kingdom, and of every Colonial Engineer. —The Rtirmyor. 


lONDON: CfftRLEg,GRIFFIN & CO., LIMITED, EXETER STREET. STRAHp. 
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CHAJlLifS ORlFfIN d- OO.’S PUBLIGA TIONS. 

—f -- --- -r ..i- 

Foty.TH Eixtion, Revised and Eelarged. With Illustrations. I 2 s. 6 d. 

‘ Painters’' 

Colours, Oils* & Varnishes 

' ^PRACTICAIj nXAmTAl.. 

By G<!&0R(?*E‘'H. HURST, F.C.S., 

Member ot the Society of Chemical Industry; Lecturer on the Technology of Painters' 
Colours, Oils, and Va|aishes, the Municipal Technical School, Manchester. 
General Contents.—I ntroductory—T hk Composition, Manufacture, 

t ssAY, and AN|\lysis of Pigments, White, Red. Yellow and Orange, Grwn, 
luc. Brown, and Black—L akes—C olour and Paint Machinery—Paint Vehicles 
(Oils, Turj^ntine, &c., &c.)—Dners—V aknkshes. 

“ A THOROUOHi-v PKACTiCAi- book, . . . the ONLY English work that satisfactorily 

treats of the manufacture of oils, colours, and pigments.”— Chemical Trades* youmal 

*,* For Mr. Hurst’s Garment Dveing and Cleaning, see p. 84 . 

In Crown 8 vo. Handsome Cloth. With Illustrations. 5®* 

THE PAINTER'S LABORATORY GUIDE. 

A Student’s Handbook of Paints, Colours, and Varnishes. 

By GEORGE II. HURST, F.C.S., M.S.C.l. 

Abstkact op Contents,—P reparation of Pigment (.’olours, — t'iiemical Principles 
Involved.—Oils and Varnishes.—Properties of Oils and Varnishes.—Tests and Experiments. 
—Plants, Methods, jnd Machinery of the Paiui and Varnish Manufactures. 

This IVorh ha^ Itten designed by thf Authitr Jar the Laboratory of the Te( hnical School, and 
of the Taint and Colour Works, and/sk^ali tnlorested or engafyd in these industries. 

** This rxccilent Jiaiulliook, . . . the model of what a handbook should be.”— 
Colours, and Drysalteries. 

TaiRi) Edition, lleviaed. In Crown 8vo. extra. With Numerous Illustra- 
tiouB and Plates (some in Colours), including Original Designs. 12s. 6d. 

Painting and Decorating: 

A' Complete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

XJKiTUHRR AT TUB MAHCRBaTBE TKCBNIOAL SOHOOX. FOH HOUBK-PAtHTINO AKD DKOORATIIfO 

GENERAL CONTENTS. 

Introduction—Workghop and Stores—Plant and Alliances—Brushes and 
Tools—Materials ; Pigments, Briers, Painters’ Oils—Wall Han^gs—PapT 
Hangmg—Colour Mix^g—Distempering—Plain Painting—Stainmg—v ar^h 
and varnishing—Imitative Paintmg — Gratni^—Harming—Giloii^— 
Writing and Lettering—Decoration: General Principles—Decoration m Dp6- 
temper—Painted Decoration—Relievo Decoration—Colour—Measuring an^ 
Estimating—Coach-Painting—Ship-Painting. 

“A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PBAOTICAt INFOB* 

MATION in a CLEAR and concise form .”—Plumber and Decorator. 

“A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . ^O FULL an<r 

COMPLETE that it would be difficult to imaMe how anything further could bo 
added about the Painter’s craft .”—Builders Journal, * 

_____.4-—--- 

J.ONDON; CHARLES GRIFFIN & CO., LIMITED. EXETES SlftEET, STRAND. 



CHEMISTRY AXIH'TE^HHOhmY^ 


8i 


Second Edition, iu Large TIandsomc Cloth, 4 jSilatep 

^)d Several Illustrations, ids. ntg^. 

’THE CHEMiSTRY-OF iIjDIA RUBBF«R. 

'ft*eatise on the Nature of India Rubber, fcr Chemlcalnjid Physical t»am!na- 
tion, and the Determination and Valuation of Jndi^ubber Substitutes. , 

• Including the Outline of a Theory on Vu%(iniaatint^ 

By carl OTt 5 WEBKR, ,1>h.D. • 

“ Replete with scieniific and also with tec liuical inter est. . ^L. TWfc heel* 'ii on physical 
properties is a complete of every thing knL^ J|F vihe ^\\h}^tM^^In(iin‘7-ul'{>er Journal. 


In I.argc Crown 8vo. Fully Tllust#itc\i. 5s. net. 

Gii^us, GEtx^jLrr i.N e: , 

AND THEIB ALLIED PRODUCTS, 

A Practical Handbook for the Manufacturer, Agriculturist, and Student^f Technology. 

By THOMAS L A M B E R T, 

Analytical and Tec hiiical Chemist 

CoNTRNTs.“Hl^toric:ll.‘ Gum.— Grlatini* —-St/c and Isinglass.—Tieatmeni of Efllu- 
entB prodnred in Glue and Gelatine Maying.—1 .upiid and other Glues, t'ements, &c.—Uses 
of Glue and (Jelatme.—Residual Products —An.ilysis of Raw and Finished Products.— 
Atpkmiix.—Indux. 

‘‘A sufficient account of modern methods of working, t hiclly from a prartical standpoint. 
A hook . . . of real value.”— C/rrmicnl Rnt'f.. 


At rRKSs. In Larj;e 8vo. Hnndhojnc Cloth. I*uUy Illustrated. 

THE ANALYSIS Of MATERIALS USED IN 

rrHE: laEATMEIt INTDXr SXR Y. 

Ky S. R. TKOTMAN, M.A., K.l.C., 

Puhlic Analyst for the City of Nolliiighoin, Mcmlicr of the Intertlalionol Assoc iation 
of Ucather'I'rades’Chemists. 

SvNOi'Sts oi- Con I ENTS.- Standard Solutions.— Acids, Alkalies, &C.—Water.-- Depilalion 
and Dcliming.—Fleshings, &c. — Glue.--Spent l.iquors.—Mineral and Vegetable. Tanning 
Agents.—Oils.— Soaps.—Varnishes.—Skin.- T.eather.— DyesiiifTs. —Degreasing Agents.— 
Effluents.— (ji.tssAUY.— Inhbx. • 


In Medium 8vo, Handsome Cloth. Fully Illustrated. I 2 s. 6d. net. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE. PHYSICAL QUALITIES. 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PAPERHAKING FIBRES. 

With Selected Tables for Stationers. Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

CoNTFNis.—Introduclioii. — Technical Difficulties relating to l*aper.—Rag Papers.— 
F.sparto, Straw, Notes on Bcadng.—Wood Pulp —Wood Pulp Papers.—Packing Papers — 
“Art” Papers.—The Physical Qualities of Paper.—The Chemical Constituents of Paper. 
—^TTie Microsco^.—Fibrous Materials used in Paper-making—Analysis of a Sheet of 
Paper.—The C.n S. Units.—Cellulose and its Derivatives.—Histor>', Chronology, and 
Statistic''.—Dictionary of Chemical Terms.— Glossary.— City and Guilds Questions.— 
Index. 

“Exceedingly instructive and p^ticularly useful.*'— Makers' Monthly Journal. 


In Large 8vo. Handsome Cloth, With Plates and Illustrations, ys. 6d. net. 

THE MANUFACTURE OP INK. 

A Handbook^f the'Production and Properties of Printing, Writing, and Copying Inks. 

By C. a. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH. 

* * Thorough^' well arranged . . . and of a genuinely practical order .”—British Printer. 

LONDON; cflARLES GRIFFIN k CO.. LIMITED, EXETER STREET, STRAND. 
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OHABLE^ GB/Ejfm A OO.’S PUBLICATIONS. 

-f- , ---,--— 

V ’tsse: vesx'kxz^s:* xmdxjsvsxbh. 

SicoNO EditioiJ, ThormtjlUy Beviyeti I'/ti-ounhoiAi In Two Lar^ 

* ^ I Volumes, r- Handsome Cloth. . 

- A. MAr^IUAL OP DYEING i ^ 

fOR THt USE OF PRACTICAL DYtRS, MANUFACTURERS, STUDENTS,e , 

•ano^alHwterested in the art of dyeino. 

J -> BY 

E. KNECST, ^.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S., 

Hand of the Ohomlitrr «td Byoinir ^poTtoioot of Iiot© Bond of the Oliomtatry and Dyoing Dapartment 

tib« TMhnloftl BcfaooU tfuiobMtw; Bwtor of '*Tb« of the Technioai College, Bnulford : li^her 
journal of the Boolety of Dyem and Oolourlete; ^ OounoU of the Booiety of Oyen knd Oolonriatsjt 

r knd RICHARD LOEWENTHAL, Ph.D. 

Gjejskral CoNTBNTSa—Chemical Technology of the Textile Fabrice— 
Water—WlUhing and Bleaching — Acids, Alkalies, Mordants—Natural 
Oolouring Matters—Artificial Organic Colouring Matters—Mineral Colours 
—Machinery used inl^eing—Tinctorial Pro^rties of Colouring Matters— 
Analysis and Valuation of Materials used in Dyeing, Ac., Ac. 

“ ThlB aathoritatlve aod exhaustive work ... the most oomplrto we have yet seen 
on the subject”—J/onK/oc^urer. 

In Large 8vOy Hawlsome Cloth, Pp. i-xv + 405. IGe. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CA^JNELL CAIN, D.Sr. (IVIanciikstkr and TUeinuen), 
Teulmical Chcmiot, 

And .TOCEEYN FIELD iVtOKFE, Ph.D. (Hkidedbekh), 

Lecturer on Colouiinjf Matterb in the Viotoiia Thiiversity of Manchester. 

Pa^t I. Theoretical. Part II. Practical. Part Ill. Analytical. 

“ We have no hesitation in doswihiim this treatise as one of tlie most valuable books 
that has appeared. . . . Will rIvc an Iniiietus to the study of Oi^anic Chemistry 
generally.”—CAcnjicrtf Irade JiYurnal. 


Oompaniim Volume to Knecht ds Rmoson's ** Dyeing,” Jn Large 8vo, 
Handsome Vlotk^ Library Style, IGs, net. 

• A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

W/fA Formulw, Properties, and Applications of the various substances described, 
and concise directions for their Commerdat Valuation, 
and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, P.I.C., F.C.8., 

Consulting Ghcmiat to the Behar Indigo Planters’ Association; Co-Author of "A Manual 

of Dyeing; ” j 

WALTER M. GARDNER, F.C.S., 

Head of the Department of Chemistry and Dyeing, Bra^lford Municiml Technical College; 
Editor of the '* Joum. Hoc. Dyers and Colourists; 

And W. P. LAYOOCK, Ph.D., ^ip.S., 

Analytical and Consulting Chemist. * 

"Tam to the book as one may on any snbiect, or any sabstance in eonneotioh with the 
trade, and a reference is sore to be found TTie authors have apparently leit nothing out 
—71m?<<7c Mercury. __ e _ 

.lOJIDON: CHARLES GRIFFIN & CO.. LIMITER. EXETER.SJREET. STRANO. 



THE Textile la^ovsTRiEk. »3 

Large 8vo. • Profusely Tlluftratcd witli Plates and Fi^ires in the Text. 

16s»jet. • * 

•THE SPINNING AND. TWftTIN(5 OF LQNG 
VEGETABLE 'FIBRES 

CPLAX, HEMP, JUTE. TOW, % PS^NIIE). 

Practical Manual of the most Mofkrn Mighods ot applied to tl.c WacA.M^, Carding, 

Preparing, Spinning, and Twieting of the Long Vegetable^ibrea 0/ Co/nmerce. 

By HERBERT R. CARTER, Bplfast ^ Lille. 

GECfBRAL 00NTBNT8.~Ii<mg Vegetf.b... Flblfc^v^ComraercerV-KiBe and Growth of 
the Spinning Industry. -Raw Fibre Mr-rkets.—Ihirchaslng Raw Material-j-iStorlng and 
Preliminary 0peration8.’-HackliUK.- -Sorting.— Preparing.—'!’ w Carding and Mixing.— 
Tow Combing.—Gill Spinning.—The Roving Frame.—Drj^nd Dembseo Spinning.—Wet 
Bplunlug.—Spinning Waste.—Yarn Keeling.—Manufacture of Threads, Iwlnes, and 
Cords.—Rope Making.—The Muehaniral Department.—^fodern Mill Constmction.Ti- 
flteam and Water Power.—Power 'J'rai^Biniaaion. 

“ Meeta the requirements of the Mill Manager or Advanced StudentJn a moaner 
perhaps more than aatlsfactoiy. ... We must highly commend the ^rk as repre* 
senting up-to-date pruotloe."— Nature. 


In Large Bvo, Handsome Cloth, with Numerous lllustratU)‘ns, 98. net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial 
Uses of the Animal, Vegetable, and Mineral 
Products used in Spinning and Weaving. 

By william I. HANNAN, 

Lecturer on Hotunyatthe Aehton Municipal Technical Sehool, lecturer on Cotton 
Spinning at the Chorley Science and Art School, Ac. 

With Numerous Photo Engravings from Nature. 

Ubkfui, INVOBKATIOM. . . . Admikablb li I.U8TRATIONS . The iDformaUoii 

la not easily attainable, and in ita present convenient foi-m will be valuable.’—TV^'hie 
Recorde)'. __ 

In Large 8vo, with Illustrations and Printed Patterns. Price 21s, 

TEXTILE PRINTING: 

A PBAOTICAL MANTJAIi. 

Including the Prooesses Used in the Printing of 
COTTON, WOOLLEN, SILK, and HALP- 
SILK EABEICS. 

By C. F. SEYMOUR ROTHWELL, F.C.S., 

Uem. H^c, of Chemical Induitritc; late Lecturer at the Municipal Technical School. 

, Mancheiter. 

General Oonticnts. — Introduction. — The Machine^ Used in Textile 
Printing.—Thickeners and Morfanta.—The Printing of Cotton Goods.—The 
Iteam Style.—Colours Produced Directly on the Fibre.—Dyed Styles.— 
Padding Siyle.—Resist and Discharge Styles.—The Printing of. Compound 
Clolouriura, &o.—The Printing of Woollen Goods.—The Printing of Silk 
GkiCids.—Practical Recipes for Printing.—Useful Tables.—Patterns. 

' •* Br FAB THE LSa/Mld MOOT FBACTIOAL BOOK OU TEXTILE PBIMTINO Whioh hUB yOt beOD 

brought ont,#ftd wfll lo;» remain the standard work on the subjeot It la easentlally 
praotioal in charaoter.”— Mercury^ ^ 

** The mob^tractioal icanual of TBxnut pbimtiko which haa yet appears, we have 
no hesitation in recommending it "—Textile Manufacturer. 

LONDON: cRaRL|§ GRIFFIN & CO.. LIMITED, EXETER STREET. STRAIja 
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CH4Bl'ill8 GRIFFIN * CU.'S PUBLICATIONS. 

^ { T J 

* Large 8vo. Handsofte Cloth. 128. 6d. 

BLSACHI^G & jCALICO-I^RINTING. 

* A Shoit Maijual for Students and 
, ^ Practical l&en, 

GE«jR?GE DUEEK, 

Director of the, i»loachiiiji, Dyeinfr, and Piintlng Department at the Accrington and Bau 
TecLnical Schoole: Chemist and Coiourlsl at the Irwell Print works. 

A.SSISTKD BY WILLIAM TURNBULL 
t IT (of Turnhull & Stockdale, Limited). 

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designe(^Bpecially to show various Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Comixisition of; Bleaching. New 
Processes ; Printing, Hand-Block ; Plat-Presa Work j Machine Printing— 
Mordants Sttleb of Calico-Printing : The Dyed or Madder SWl^ Resist 
Padded Style, Discharge mid Extract Style, C^iomed or Ridsed Colours, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
—Tannin Matters—Oils, Soaps, Solvents—Organic Acids—Salts—Mineral 
Colours—Coal Tax Colours—Dyeing—Water, Softening of—Theory of Ooloun 
—Weights and Measures, &c. 

*' When a ebadt wat uut of a difflcuity is wanted, it is IR books lixb this that It la found.”—^ 
reptile Recorder. 

'*Mr. Dcbbb’s WORK will be found HOST cssroL. . , . The information idven Is of ouAf 
VALDB. . . . The Recipes arc THOBOOOBL7PKACTiCAL.*'~’Tea3ti!eJlfanK^turer. 


Sbcond Eon'iON. Revised and Enlarged. With Numerous 
Illustrations. 4 s. 6d. 

GARMENT 

DYEING AND CLEANING. 

A Practical Book for Practical Men. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 

General Contents, —Technology of the Textile Fibres—Garment Cleanings 
—Dyeing of Textile Fabrics—Bleaching—Finishing of Dyed and Cleaned Fabrics— 
Scouring and Dyeing of Skin Rugs and Mats—Cleaning and Dyeing of Feathers— 
Glove Cleaning and Dyeing—Straw Bleaching and Dyeing—Glossary of Drugpp' 
and Chemicals—Useful Tables. 

An UP-TO-DATB hand book has long been wanted, and Mr. Hurst has done nothing 
more complete than this. An important work, the more so that several of the branches 
the craft here tnuited upon are almost entirely udthout English Manuals the guidam:* 
of workers. Hie price mings it within the reacm of 9S\."-^Dyer and Calko-I^inUr. 

*' Mr. Hurst’s worx dbcidkolv fills a want . . . oimht to be in the luinds oi 
SVBRY GAKMENT DVKR and cleaner tn the Kingdom’*—TVaritfiSr Mireury. * 


UmOOM: CHARLES GRIFFIN & CO.. LIMITED. EXETER JPJRE^T. STRAND. 
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'*hoyB OOUtT) ROT HiVB A M^n AU.URING IRTKO •UOTION tO fOifUtifiO ptMtTlta < 

tibau these ohermHs-loofcing volumes/'—Lotter t< Publishers from Lhe^ead 
QiBster^of one of jour great public Schools. } 

• Handftome Cl)ith.r7s> 6 d. C'Ut, for pV^entation, 8 a. 8 <t. > 

OpES-fllll STUDIES I]! DOTUI^Y : 

SKETCHES OE BBITISE WILD IT,0WEBS 
IN THEIE H2JSfffl. ‘ 

By R. LLOYD PEAEGER, B.A., M.R.I.A'. 

Illustpated by Drawings fbom Nature by St Rosamond Praeger, 
and Photographs by S. Welch. ^ 

Qensbai, Contents.—A Daisy-Starred Pasture—Under the Hawthorns 
—By the Kiver—Along the Shingle—A Fragrant Hedgerow—A Cjgnnemara 
Bog—Where the Samphire wows—A Flowe^ Meadow—Among the Com 
(a Study in Weeds)—In the Home of the Alpines—A City Bubbish-Heap— 
Olossary. 

"jt miosB AND sxmutaTIso book . . . should taka a high place . . . The 
niustrablODS are drawn with much skill."— The Times. 

“Bhadtifuhi aiDSTEATBO. . . . One of the most acoubat* as well as 

INTBBBSTINO books Of the kiud we have eeeB."~AiAenceut». 

“Bedolent with the scent of woodland and meadow,”—TAe Standard. 


With 12 full-Page iHustrationa from Photographs. Cloth. 
Second Edition, Reuiaed. 8a, 6d. 

OPEHm STUDIES IS GEOLOGY 

An Introduetion to Geology Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A.*, 

Professor of Oeolt^ In the Boyal Collie of Science for Ireland, * 
and Examiner is the University of London. 

General Contents. —The Materials of the Earth->-A Mountain Hollow 
—Down the Valiev—Along the Shore—Across the Plains—Dead Voloanoes 
—A Granite BUghland—The Annals of the Earth—The Surrey Hills—The 
Folds of the Mountains. 

“The rAsmsATiRO 'Opscr-Am Srunixs' of Faor. O01.X give the snbje^ a glow or 
AKiKATiON . . . cannot fall to aronse keen interest in geo(ogy."^Oeologu^ Magatvnt. 
“A OBABKIRO BOOS, baantIfiilJyillustrated.*'—A<Aen«um. 


Beautifully Illustrated. With a Frontiapieoe in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. Is. 6d. 

OPEHlfl STUDIES Ip BIpD-LIFE: 

ooSKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spadous Air.—The Open Fields and Downs.—In the Hedgerows.—On 
Open Heath and l!i$oor.—On 'the Mountains.—Amoi^st the Evergreens.'— 
(Copse and Woodland.—By Stream and Pool.—The Sandy Wastes and Mud- 
Mta.— Sea-laved Rocks.—Birds of the Cities.— Index. 

** Enriched wi^t excellent Qlustrations. A welcome addition to all libraries.*’— 
mituter Rwview. 

LONDON: CHADLESJIRIFFIN « GO., LIMITEO EXETER STREET. STRAND^ 



86 VHARISS ORIFFIX i- CO.'S PUBLICATIONS. 


Twenty-third Annual Issue: Handsome cloth, 7a. 6d. 
> . (To Subscribers, 6a'.}. " 


THE OFFICIAL YEAR-BOOK 


or THK 

SCIENTIFIC /iND LEASNED SOCIETIES OF OBEAT BRITAIN 
AND IRELAND. 


OOMPILED FROM OFFIOIAL BOUROEB. 


Oompriaing {together with other Official Information) LISTS of the 
PAPE^ read during the Session 1905-1906 before all the LEAOiMO 
SODicTiES throughout the Kingdom engaged in the following Depart¬ 
ments of Research :— 


S>. 


8 a. 
5 3 - 
84. 
5 5 . 


Science Generally: i.e.. Societies occtipy- 
themselves with several Branches of 
Science, or with Science and Literature 
jointlv- 

Mathematics and Physics. 

Chemistry and Photography ^ 

Oeology, Geography, and Mineralogsi. 
Biology, including Microscopy and An¬ 
thropology. 


i 6. Economic Science and StatUlhss. 

$ 7. Mechanical Science, Eogineeiii^i;, and 
ArchitectuMi. 

$ 8. and Mditaiy Science. 

9 9. Agriculture and Horticulture. 

9 10 Law. 

I XI. Literature, 
la. Psychology. 

13. Archaeology. 


9 x 4 . Mkdicinb. 


“Fills a very real want."— 

Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the i^y.” — Edinhurgh Medical 
jfournai. 

'* The Yuan-Book of Socibtiks is a Record which ought to be of the greatest use for 
the progress of Science.** -—Lerrf Plax/air^ AT.C.A, M.P., PMi-Prexieitnt oftht 

British A ssociattim. 

"It goes almost without saying that a >««...« '«ok of this subject will be in time 
mt^of^emostj^wiemiljjjsefijl^woric^Q^h^U^ty^tfthedeflkj^T’Ae Times. 

'* British S^eties axe now well re presented ^ tke^Vear-^ook of the Seten^Uk; and 
Learned Socitiies of Great Britain and Irelancl.'*'*-<Art. '^Societies” in New EdhSon of 
'* CDcyclopa»lia Britannica," vol. xjtii.) 


Copies of the First Issue, giving an Account of thef’Hisiory, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 


ThejVKARjBOoxM form-s a completu mogy TO thb scigKTtnc w oltX oftfec 

sessionalySTiinHi^I^rlmi^rJepartnients. It is tfse2 as 0 ftAKOBOOirin s our great 
ScigNTiPic CsNTKKS, MussuAts, and Lihrabies throughout the Bpngdoin, and has become 
an INPK.PRNSABI.B BOOK OF RBFKRBNCK to every one engaged in Scientthc Work. 

READY m OCTOBER EACH YEAR.,. 


lONDOM: CHARLES GRIFFIN & GO., LIMITED, EXETER STREET, STRAMO. 







